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PREFACE. 


Having  been  for  several  years  past  engaged  in  the 
instrnction  of  persons  designed  for,  or  belonging  to  the  Sea,  I 
have  frequently  had  occasion  to  lament  that  most  of  the  existing 
Works  on  Practical  Navigation,  and  particularly  some  that  have 
been  very  generally  circulated,  are  extremely  erroneous,  both  in 
tbe  instructive  and  tabular  parts,  and  by  no  means  calculated  to 
answer  all  the  purposes  of  the  Mariner,  Teacher,  or  Pupil. 

With  a  view  to  remedy  these  defects,  and  to  facilitate  the 
acquirement  of  this  most  important  Art,  and  further  stimulated 
by  the  flattering  reception  of  my  former  labours,  I  have  ventured 
to  exert  my  best  abilities  in  composing  tbe  present  Work ;  and 
although  I  do  not  mean  to  arrogate  to  myself  any  superior  pro- 
fessional merit,  yet  I  humbly  apprehend  that  my  long  experience, 
and  intimate  connection  vith  the  subject,  have  enabled  me,  in 
some  measure,  to  form  a  competent  judgment  of  what  is  most 
requisite  to  assist  the  industrious  Mariner  in  acquiring  a  know- 
ledge of  the  practical  part  of  Navigation. 

In  order  to  accomplish  my  intended  purpose  as  effectually 
as  possible,  I  have  examined,  with  the  greatest  attention  end 
caution,  the  various  publications  that  have  been  written  on 
Navigation ;  and,  placing  them  in  a  comparative  point  of  view, 
have,  I  trust,  been  thence  enabled  to  avoid  the  errors,  and  to 
improve  die  merits  of  those  who  have  preceded  me  in  this 
branch  of  Science. 
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PREFACE. 


xxAVING  been  for  several  years  past  engaged  in  the 
instruction  of  persons  designed  for,  or  belonging  to  the  Sea,  I 
hare  frequently  had  occasion  to  lament  that  most  of  the  existing 
Works  on  Practical  Navigation,  and  particularly  some  that  have 
been  Toy  generally  circulated,  are  extremely  erroneous,  both  in 
the  instructive  and  tabular  parte,  and  by  no  means  calculated  to 
answer  all  the  purpoees  of  the  Mariner,  Teacher,  or  Pupil. 

With  a  view  to  remedy  these  defects,  and  to  facilitate  the 
acquirement  of  this  most  important  Art,  and  further  stimulated 
by  the  flattering  reception  of  my  former  labours,  I  have  ventured 
to  exert  my  best  abilities  in  composing  the  present  Work ;  and 
although  I  do  not  mean  to  arrogate  to  myself  any  superior  pro- 
fessional  merit,  yet  I  humbly  apprehend  that  my  long  experience, 
and  intimate  connection  with  the  subject,  have  enabled  me,  in 
some  measure  to  form  a  competent  judgment  of  what  is  most 
requisite  to  assist  the  industrious  Mariner  in  acquiring  a  know- 
ledge of  the  practical  part  of  Navigation. 

In  order  to  accomplish  my  intended  purpose  as  effectually 
as  possible,  I  have  examined,  with  the  greatest  attention  and 
caution,  the  various  publications  that  have  been  written  on 
Navigation ;  and,  placing  them  in  a  comparative  point  of  view, 
have,  I  trust,  been  thence  enabled  to  avoid  the  errors,  and  to 
improve  the  m«its  of  those  who  have  preceded  me  in  this 
branch  of  Science. 
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That  nothing  might  be  wanting  to  assist  the  studntt  in  bis 
progrese  through  the  subject,  I  have  commenced  with  a  short 
Treatise  on  Decimal  Arithmetic,  the  nature  of  which  he  will  find 
very  necessary  to  be  understood  in  going  through  the  variooB 
computations  that  follow.  In  Geometry  such  definitions  and 
problems  only  are  introduced  as  appear  most  essential.  Plane 
Trigonometry,  both  right  and  oblique-angled,  being  the  found- 
ation of  the  Sailings,  is  treated  of  at  considerable  length.  Next 
follows  Geography,  containing  a  description  of  the  form  and 
magnitude  of  the  Earth,  with  its  various  real  and  imaginary 
divisions,  and  an  explanation  of  the  nature  of  Latitude  and  Lon- 
gitude. An  account  is  then  given  of  the  Instruments  used  for 
measuring  a  Ship's  Way,  with  the  manner  of  correcting  their 
errors.     This  finishes  the  introductory  part  to  Navigation. 

We  now  proceed  to  the  various  Sailings,  in  which  the 
examples  are  resolved  by  construction,  calculation,  inspection, 
and  Gunter's  Scale  ;  then  follows  a  description  of  Charts,  witii 
the  methods  of  using  and  constructing  them.  The  art  of  sur- 
veying Coasts  and  Harbours,  being  very  essential  to  those  who 
visit  unknown  parts,  is  treated  in  a  manner  which  it  is  hoped 
will  make  its  acquisition  and  practice  perfectly  easy. 

We  come  next  to  the  application  of  Astronomy  to  Naviga- 
tion ;  and  here  I  have  thought  proper  to  give  a  short  but  com- 
prehensive view  of  the  Solar  System,  where  the  Earth  is  consi- 
dered as  a  planet;  and  have  then  described  the  various  imaginary 
circles  of  the  Sphere.  Tlie  nature  of  Parallax,  Refraction,  &c. 
is  explained  \mder  this  head.  The  theory  of  the  Winds  and 
Tides,  with  the  methods  of  finding  the  Time  of  High  Water, 
follow  next  in  order. 
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The  most  approved  methods  of  ascertaining  the  Latitude 
«nd  Longitude  at  Sea  by  Celestial  Observations,  also  the  variation 
of  the  Compass  by  Amplitudes  and  Azimuths,  are  explained  by 
proper  rules  and  examples :  there  is  also  given  a  particular 
description,  with  the  uses,  of  the  various  astronomical  Instru- 
ments employed  in  taking  the  Observations.  In  this  part  of  the 
Wwk  I  have  given  Mr.  Douwes'  rules  for  computing  the  Lati- 
tude by  two  Altitudes  of  the  Sun,  and  four  different  methods  of 
clearing  the  Distance ;  the  last  of  which,  invented  by  Captain 
Mendoza  Rios,has  the  advantage  of  not  requiring  any  distinction 
of  cases.  The  method  of  finding  the  Longitude  by  a  Timekeeper 
being  now  much  practised,  the  necessary  rules  and  examples 
are  introduced  for  that  purpose. 

The  learner  is  next  led  into  the  Rules  for  keeping  a  Journal 
at  Sea,  wherein  are  exhibited  the  methods  of  correcting  the 
Courses  for  Leeway,  Vai-iation,  &c.  with  general  Rules  for 
working  a  Day's  Work;-  and  the  whole  is  illustrated  by  separate 
Days'  Works,  and  further,  by  a  Journal  kept  from  England  to 
Madeira. 

With  respect  to  the  Tables  in  this  Work,  I  have  only  to 
observe  here,  that  they  are  published  under  the  title  of  "Nautical 
Tobies  ;"  have  been  very  generally  adopted  by  the  Officers  in 
the  Navy,and  in  the  Honourable  East  India  Company's  Service ; 
and  have  received  the  approbation  of  Navigators  in  general. 


Ten  Editions  of  this  Treatise  having  been  submitted  to  the 
candid  judgment  of  a  discerning  Public,  and  met  with  a  most 
flattering  reception,  I  have  been  induced,  both  from  a  sense  of 
gratitude,  and  an  earnest  desire  of  rendering  the  Work  still 
more  useful,  to  revise  the  whole  with  the  greatest  care  and 


cdrctuDspection.  Indoing  this,  Ihavemade  conaiderable  additions, 
particalarljr  on  the  subject  of  determining  the  Latitude  and  Lon- 
gitude by  Celestial  Obserrations.  In  the  Rules  for  correcting 
the  apparent  Distance  for  the  effect  of  Parallax  and  Refraction, 
I  have  introduced  a  fifth  method,  which,  with  the  assistance 
of  a  set  of  Linear  Tables,  invented  and  published  hy  me,  is 
rendered  one  of  the  easiest  and  shortest  that  have  been  proposed. 
I  have  also  treated  at  considerable  length  on  the  use  and  manage- 
ment of  Chronometere,  vitb  the  method  of  examining  and 
comparing  their  rates ;  have  added  several  new  Tables,  and 
corrected  the  Latitudes  and  Longitudes  of  places  according  to  the 
most  modem  and  best  authenticated  observations :  in  short, 
having  made  every  alteration  and  improvement  that  long  expe- 
rience and  unremitted  attention  have  suggested,  I  trust  that  the 
present  Edition  will  merit  a  continuance  of  that  approbation, 
which  the  Work  has  always  hitherto  experienced  Arom  a  liberal 
and  enlightened  Public. 

J.  W.  NORIE. 

Naval  Academy,  Lxadehball  Stkzbt. 
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NAVIGATION. 


INTRODUCTION. 

NAVIGATION  is  that  Att  vhicb  instructs  the  mumer  in  what  n 
to  conduct  a  ship  thtough  the  wide  and  trackleBs  ocean,  from  one  part  to 
anotber,  witb  the  greatest  safety,  and  in  the  shortest  time  possible. 

It  b  difficult  to  trace  the  origin  of  this  most  important  Art,  to  which  a 
diversity  of  events  might  have  given  rise ;  but,  in  all  probability,  it  owes 
itshirth  to  necessity,  the  parent  of  almost  every  human  invention.  The 
Sea  Coastv,  in  many  iriaces,  are  (uU  of  islands  at  no  great  distance  from 
the  Continent :  curiosity  would  naturaHy  inspire  men  witii  an  indination 
to  vnt  these  islands,  and  consequently  prompt  them  to  devise  means  by 
which  ^>^  might  convey  themselves  mm  one  place  to  another  on  the 
nnfaee  of  the  water ;  and  as  this  passage  did  not  appear  either  very  loi^ 
VI  very  dangerous,  they  determined  to  attempt  it :  suceeis  in  one  of  these 
eff«ats  might  encoun^  a  second ;  and  we  ue  informed  by  Pliny,  that 
anciently  they  sailed  only  among  the  islands,  and  passed  over  on  rafts  or 
logs  of  wood. 

As  Science  and  Commerce  advanced,  the  machines  first  used  would  of 
course  give  way  to  others  of  more  improved  structure  and  ^ater  con- 
venience ;  and  hence  the  invention  of  Ixiats  and  veseek  of  various  denomi- 
naticms,  better  adapted  to  the  nature  and  extent  of  the  voyi^es  undertaken. 
In  procesB  of  lime,  m«i  brii^  convinced  by  experience  that  vessels  detngned 
for  navigating  the  seas,  ought  to  be  of  a  difierent  construction  tnm  uiose 
mtendedfor  rivers,  they  would  make  it  dieir  study  to  give  such  a  form 
and  solidity  to  ships  designed  for  die  sea,  as  would  enable  them  to  resist 
the  iiBpetnoa^  of  its  waves. 

The  action  of  the  wind,  of  which  the  eflects  are  so  sensible  and  so 
frequent,  nii^t  soon  suggest  the  use  of  sails ;  but  the  manner  of  adjusting 
and  mana^g  them  was  more  difficult,  and  would  not  be  so  soon  discovered: 
this,  in  fact,  appears  to  have  been  the  last  part  of  the  general  construction 
of  vessels  that  was  found  out ;  and  this  opinion  seems  confirmed  by  the 
{vactice  of  savages  in  the  South  Seas  and  other  parts,  who  zeneraUy  use 
only  oars  or  paddles,  but  seldom  have  sails :  such  must  have  been  the  case 
in  the  first  ages. 

The  confusion  and  uncertainty  in  which  the  Brst  navigators  must  have 
found  themselves,  when  either  prompted  by  their  enterprunng  sphit  to  visit 
lenote  parts,  or  driven  by  the  violence  of  storms  out  m  die  s^bc  of  hntd, 
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would  natunlly  induce  them  to  study  Bome  method  of  finding  where  they 
were  in  auch  circumstuicea :  they  might  soon  be  sensible  that  tne  inspectimi 
of  the  heavenly  bodies  was  die  only  mesns  that  could  afford  them  just  con- 
clusions in  this  respect ;  in  this  manner,  probably.  Astronomy  came  to  be 
applied  to  Navigation. 

However,  leaving  these  speculadons  reapecting  the  rise  and  progress  at 
Navigation,  history  informs  us  that  the  Fhtsiudans  were  the  first  who 
attjuned  any  great  pro6ciency  in  the  Art,  especially  those  of  Tyre,  th«r 
coital,  who  sent  out  various  colonies,  the  principal  of  which  settled  on  die 
Coast  of  Africa,  and  built  Carthage,  a  city  that  m  time  rivalled  Tyre  itself- 
After  the  destruction  of  Tyre  by  Alexander  the  Great,  the  Art  was  trans- 
ferred by  the  conqueror  to  Alexandria,  a  new  city  in  E^ypt,  intended  by 
him  for  the  capital  of  the  world ;  thence  diSusii^  itself,  in  process  of  dine, 
throi^hout  die  whole  of  the  Mediterranean,  and  parts  adjacent^ 


But  Navigation  at  that  dme  consisted  of  little  more  than  the  EL ^ 

of  small  barus,  which  crept  along  the  shore,  seldom  losing  s^^t  of  the  land: 
it  was  not  till  the  discoveir  of  the  compass  that  mariners  ventured  to  explore 
the  Tast  ocean,  and  sought,  as  it  were,  for  other  worlds,  at  an  immense 
distance :  since  that  penod,  the  Art  has  been  continually  leoeiving  fiedi 
improvMnents  frtun  the  efforts  of  learned  and  ingenious  men,  both  in 
respect  to  the  construction  of  vessels,  and  the  methods  oi  working  and 
conducting  them ;  so  that,  at  the  present  time,  a  voyage  to  the  remotest 
part  of  the  glohe  may  be  performed  in  the  short  space  of  a  few  months. 

Navig&don  may  be  divided  into  two  branches:  vis.  Seamanahip,  compt- 
hending  the  method  of  managing  a  vessel  by  disposing  her  sails,  rudder,  &e. 
BO  that  she  may  move  in  any  assigned  course  or  airecdon  the  wind  v 
weather  will  permit ;  and  Navigation  Proper  (die  part  we  intend  prin- 
ripally  to  treat  of  in  die  present  Work) ,  which  comprehends  those  metnodi 
by  which  a  mariner  determines  at  any  time  the  situation  of  his  vesa^  d» 
course  she  is  to  be  steered,  and  the  distance  she  has  to  run,  to  nin  her 
intended  port :  hence  the  requisites  for  a  mariner,  in  order  to  understand 
this  brand)  of  the  Naudcal  Art,  are,  a  competent  knowledge  of  the  figure 
and  magnitude  of  the  earth,  with  the  various  imafflnary  draes  drawn  uinu 
it,  so  as  to  be  able  to  ascertain  the  distance  and  situadon  of  places  with 
respect  to  each  other ;  the  method  of  finding  the  ship's  ladtude  and 
longitude,  either  by  her  course  and  distance  run,  or  by  astronomicil 
observadons ;  the  use  of  various  instrumente,  as  the  log,  compass,  half- 
minute  glass,  ifuadrant,  sextant,  &c. ;  the  difl^rent  allowances  necessary  to 
be  made  in  estimating  a  ship's  way,  as  for  leeway,  variation,  and  currents ; 
the  method  of  finding  the  time  o£  high  water  at  any  place ;  the  use  of 
charts,  both  Plane  and  Mercator's,  with  the  method  of  construcdng  then; 
oU  of  which  pardculara,  depending  upon  mathematical  and  aBtronomicw 
,  prin^des,  with  whatever  relates  to  the  pacdcal  navigator,  we  sbsll 
endeavour,  in  the  following  sheets,  to  ezpuin  and  illustrate  in  such  • 
manner  as  to  render  every  part  as  clear,  concise,  and  methodical  as  an  -Art. 
cmbradng  such  a  varie^  of  subjects,  will  posnbly  admit. 
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DECIMAL  ARITHMETIC. 


WHEN  say  qiunli^  is  conodered  as  ctnutitaling  a  whole,  it  is  caSed 
n  integer ;  and  when  an  int^er  u  mppoaed  to  be  divided  into  a  certain 
number  of  equal  parts,  any  number  of  these  parte,  considered  in  then 
nlstian  to  the  whole,  is  called  a  fraction,  wluch  is  expressed  by  two 
numbers  placed  one  above  another  with  a  line  between  them ;  the  lower  of 
these,  caQed  the  denominator,  denotes  the  number  of  parts  into  which  the 
Int^er  or  whole  is  divided,  and  the  upper,  called  the  numerator,  expresses 
bow  many  of  these  parts  are  contained  m  the  fraction :  for  instance,  suppose 
a  fbot  divided  into  B  equal  parts,  and  4  of  those  ports  were  to  be  conndered 
as  a  fraction  of  the  whole ;  it  would  be  written  in  numbers  thus  f ,  wbeie 
the  figure  under  the  line  shews  that  the  foot  is  divided  into  6  parts, 
snd  toe  4  above  the  line  denotes  the  number  of  those  parts  contuned  in 
the  fraction. 

Fractions,  whose  denominators  are  10,  100,  1000,  &c.  that  is,  a  unk 
with  crphna  annexed  to  it,  are  called  Decimal  Fractumt ;  but  with  any 
odier  denominators  they  are  called  Vulgar  Fractions. 

As  the  denominators  of  decimal  fractions  are  always  one  of  the  numben 
10,  100,  1000,  &c.,  it  is  most  convenient  to  write  down  the  numerators 
only,  placine  before  them  a  mark  called  a  decimal  point,  to  distiiwuish 
them  from  wncAe  numbers ;  for  the  value  of  each  place  of  figures  will  be 
known  in  decimals,  as  well  as  in  whole  numbers,  by  theii  distance  from  the 
decima]  nnnt ;  which  will  appear  by  the  following  Table,  where  the  figures 
to  the  knJiand  ot  the  decimal  pcunt  are  considered  as  whcde  numbers,  and 
duae  to  the  right,  decimals. 


lllHi 

ff 

Thus  .  2  or  V^  is  read  two-tentbs,  and  87. 94,  eighty-seven  and  tweoty- 
four  hundredths ;  the  latter  of  these  is  called  a  miaed  number,  because  it 
consistB  of  a  fraction  and  an  integral  or  whole  number. 

In  setting  down  a  dedmal  fraction  without  its  denominotsr,  the  numeratOT 
must  consist  of  as  many  places  as  there  are  ciphers  in  the  denom'-"*™-  * 
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and  if  it  have  not  m  many  figures,  the  defect  must  be  sup^ied  by  aetiac 
dpbers  before  them ;  thus,  A  is  .  S,  and  M  is  .  16,  and  lils  is  •  014,  sin 
1^0  is  -  005,  &c 

Hence  it  appears,  diat  as  dphers  on  the  right-hand  of  niiole  nnmbcn 
increate  their  value  dedroally,  or  in  a  tenfUd  proportion,  as  5, 50, 600,  Eu^ 
BO  when  set  on  the  left  of  decimal  fractions,  they  decrease  the  vilue 
dectmally,  or  in  a  tenfold  proportion,  as  .  5,  .05,  .005,  Etc  Butciphen 
set  on  the  other  ndes  of  these  numbers  make  no  allcntion  m  their  Tahe, 
dtiier  of  increase  or  deczmae ;  so  5,  or  05,  or  005,  &ci  are  all  of  the  same 
valoe,  as  are  .  5,  or  .  50,  or  .  500,  lie. ;  A>r  in  the  laMn  ease  it  is  widest 
that  ^e  numentor  increases  in  the  same  -pofortiaa  m  the  denominBtw. 

Ibviag  thas  brieSv  explained  the  natmie  of  fractions,  we  shall  no* 
pioceed  to  lay  down  tne  luilea  necessary  to  be  understood  in  the  practice 
of  Narration,  giving  a  ftw  examples  to  eadh  by  way  of  iUustiation. 


ADDITION  AND  SUBTRACTION. 

BtFLK.  These  are  performed  exactly  tiie  same  as  in  whole  numben, 
obeervntg  always  to  place  tiie  decimal  pomts  in  a  line,  so  that  figures  of  tb« 
same  denominbtion  may  range  under  each  other. 

■XAM PfcM  IN  ADDITION. 


.5 
.682 

63.a 
7».4d 
2.304 
127.4 

66. 
946.3 

19.24 
121.46 

790.1464 
30. 
7.246 
269.1703 

9.063 

269.364 

462.00 

1096.6697 

aXAMPLBe  IN  SCBTHAOTION. 

■I 

246.25 
19.6 

174. 
2.661 

T^ 

.26 

296.76 

171.430 

147.006 

MULTIPLICATION. 

Role.  Multiply  the  given  numbers  together  as  if  they  were  whole 
numbers,  and  pomt  off  as  many  decimals  in  the  product,  counting  from  the 
r^t-hand,  as  there  are  dednuus  in  the  mnltqilicand  and  mul^ier  twether. 
When  it  hiqtpens  that  there  are  not  so  many  figures  in  t£o  pioduct  ai 
there  must  be  decimals,  supply  the  defect  by  pieuing  cifdiers  aa  tbe  left- 
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.S  UohiplicaQd.  aS76 

,49  Mult^lier-  39.6 


50 
100 


DIVISION. 


RvLB.  IMvide  M  in  vhole  numben,  obaerrng  that  the  dhruor  ud 
quotient  are  to  contain  tt^ther  as  numv  dedmal  figures  as  there  an 
m  the  drndend ;  if  tbeiefoie  the  diridend  have  just  as  many  places  of 
dedmala  aa  the  dirisoT,  the  quotient  will  be  a  whole  numbe*  iriuioat  any 
decimal  fiffuzea.  If  there  be  mote  places  of  decimals  in  the  dividend  than 
in  the  ^naoK,  point  off  u  many  figin^g  in  the  quotient  as  there  are  decimals, 
in  the  dividend  move  than  in  uie  divisor,  a  want  of  pUces  in  the  qootient 
being  siqnilied  with  ciphen  on  the  left-hand ;  and  it  there  be  more  places 
of  dedmau  in  the  divisor  than  in  the  dividend,  add  ciphers  to  the  ^vidend 
to  make  as  manv  places  (tf  dedmals  as  in  the  ^visor;  then  the  quotient  will 
be  a  whole  numbor,  without  dedmala. 

When,  after  the  division,  there  is  a  remainder,  d[rfieTa  may  be  added  to 
the  dividend,  and  the  operation  continued  as  before,  until  dther  there  be 
no  remainder,  or  a  sufficient  d^ree  of  exactness  be  obtained  in  the  qnotient 


DMmt.  Dlvidmtd.  Quottrat. 
AS)  7334.5  (1113. 


73 
65 


lOfi 
106 


IMrlior,  Dlrldind.   Qnmlnit.  . 
13.6)  .45695  (.0965 
375 

810 

750 

006 

686 
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DMmt.  DMdoDd.  QnotlaBL 
.^3)  476.690(1190 


REDUCTION. 


T\>  reduce  a  Vuigar  Frpetion  to  a  Dedmat  of  the  rams  Value. 

Ratx.  Add  cipbets  «t  pJeuore  to  the  numerator,  and  divide  hy  Hie 
draominator ;  the  quotient  will  be  the  dednud  fraction  required. 

■XAirPLBB. 

Hednoe  g  of  a  mile  to  B  decimal  fractioii. 
6)3.0 

60)33.000(.383ortV^aearIr. 

■  S  or  A 

which  ii  a  decimal  of  the  same  valae 
with  the  ptofotei  vulgar  fraction  j. 


Every  quantitj  m^  be  conndered  as  a  fraction  of  a  larger  tf  the  same 
kind :  ae  a  leaffne  die  A  of  a  degree ;  an  inch,  the  ^j  of  a  foot,  kc ;  and 
tbetcftne  may  be  reduced  to  a  decunal  fraction,  as  in  the  foUoving 


What  decimal  part  of  a  fi)ot  is  9  inches  ? 
13 )  9. 00 

~7fiorVW, 

videii  is  eqnal  to  A  of  ■>  foot- 


What  is  the  decimal  valne  of  15  milfld 
fraction  of  a  degree? 
eO)16.00(.36ori'A. 
190 

300 
300 
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When  ^  given  quanlttf  oonnsts  of  sevaal  denominationa,  reduce  them 
to  the  lowest,  as  in  o(«nmon  Arithmetic ;  likewise  reduce  the  int^er  to  the 
same  denomination  ^  Ihen  proceed  as  before. 


Reduce  1  foot  6  inches  to  tlie  decimal 
of  afard. 
Ft,    In.  Ft. 

16  3  =  1  Yard. 

12  13 


18  Nnmerator. 


}  Denominator. 


36)ia0(.5 


Rednce  31  minutes  64  seconds  to  the 

decimal  of  a  degree. 

Hln.   Sec        Sec 

31     54  =  1314  Numerator. 

Id%.or60      0=:3600Deaominat. 

3600)  1314. 000  (.  365  Answer. 


Tojind  the  Value  <^  a  Decmat  Fraction  in  Money,  Wetght,  Meature,  S^ 

Hulk.  Mnlttjriy  the  decimal  by  the  cumber  of  parts  of  the  next  inferior 
denomination  contained  in  the  int^er;  pointing  on*  in  the  product  as  manv 
places  for  dedrasls,  to  the  right-hand,  as  the  j^ven  dedmal  consists  of,  and 
those  to  the  left-hand  will  be  an  int^er  number :  then  multiply  the 
remaining  dedmals  bjr  the  number  of  parts  contained  in  the  next  inferior 
denomination,  and  point  off  the  dedmau  as  before.  Proceed  thus  till  it  be 
brought  to  the  lowest  denomination. 


XXAUPLSa. 


Wbat  is  the  ralue  of  .875  of  a  pound 
itwlingf 

.875 
90 

SUlUi^  17.500 


Wliat  is  the  value  of .  43  of  a  d^reef ' 


13.00 
Answer,  25  minutes  12  seconds. 


*  Thai  Unllu  of  a  degne  or  minnu  ue  to  be  reduced  Into  minutei  or  t> 
l»  nfaditknuly  done  by  multiplying  tlie  teotlia  by  B,  and  the  product  will  vi 
V  HODDdi  i«qiured  :  for  enmple,  .  S  of  k  degree  multiplied  by  fl  givei  SO  m 


id  aecoDdi  to  tanttu  «f  a  degree 
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DECIMAL  ARITHHKTIC. 


Wliat  is  the  value  of .  16069  of  a  ^anl? 


Aniwer,  6  inchea  nearly. 


Wbat  is  tks  Tiiaeof .  960  of  a  le^w^ 
.359 
3 

Milee  -777 

8 

Furlonga  6.316 
220 

Tarda       47-630 

Answer,  6  fsrkmga  47>  S3  yards. 


RULE  OF  THREE. 


When  three  Dumbexs  toe  oven  to  find  a  fourth  proportional,  the  method 
by  which  it  is  performed  is  called  the  Rolk  of  Thkkk,  snd  is  the  saiBe  in 
decim&Is  m  in  common  Arithmetic :  vix.  by  multiplying  the  second  and  tlmd 
terms  together,  and  dividing  the  product  by  the  first,  when  die  quodeot 
irill  give  the  fborth  term,  or  proportional  number  required,  of  the  sasia 
kind  with  the  second.  If  Uie  ^ven  numbers  consiat  of  several  deDomitut- 
tions,  they  are  to  be  reduced  to  decimaU  by  the  preceding  Rules. 


SXAIIPI.K8. 


If  a  gliip  sail  49. 6  miles  in  8  hours, 
how  many  miles  will  she  run  in  24 
luKira,  suppoaing  lier  to  go  at  the  same 


8     : 


8)1188.0 
Hiles  14a  5  Answer. 


Suppose  a  watcb  ot  tiroe-piece  gain 
14  seconds  in  5  days  6  hours,  how  mod 
will.it  gain  in  17  days  15  bouts? 


6  boars  =    .  35  of 
15  loon  =  .625  of 

•  to 

5.^    :    14    :: 
17625 

17"-S 

70500 
17625 

5.36)246.760(47 
2100 

Anawei 
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LOGARITHMICAL  ARITHMETIC. 


LOGARITHMS*  are  a  series  of  ardfidal  Dumben,  onginaDy  ioTented 
hj  Jelin  Naper,  Baion  of  Metchiston  in  Scotland,  and  aflerwaids  impioved 
by  Mr.  Bi^^,  io  order  to  expedite  long  calculations  in  arithmetic ;  for 
by  nang  mete  niunbers,  the  tedions  operationB  of  Multiplication  and 
Uivifflon  are  sTuded,  and  pe^jFormed  by  Addition  and  Subtraction.  This 
method  of  calculation  is  caUed  Logarithmical  ArithmeHc. 


MULTIPLICATION. 


Hole.  Add  bwether  the  Ii^arithms  of  the  two  numbers  to  be  multiplied 
(foimd  in  Table  XXIV.)  and  their  sum  will  be  a  li^arithm,  the  naturd 
number  corresponding  to  which  will  be  the  product  required :  if  either  the 
multipUcand  or  multiplier,  or  both  of  them,  should  consist  whot^  ot 
decimals,  wad  the  index  of  the  sum  exceed  10,  reject  the  10,  and  l^ 
lemtundec  will  be  the  index  of  the  logarithm  answering  to  the  product. 


by 

26 
3 

Log.  1. 39794 
Log.  0.47712 

Moltiply 
by 

23.9 
.6 

Log.  1.366488 
Log.  0.778151 

Pndua 

75 

Log.  1.87606 

ProduM 

13.92 

Log.  1. 143632 

iiy 

a  71 
8.6 

Log.  0.66837 
log.  0.39794 

Multiply 
by 

.246 
.07 

Log.  9.39093S 
Log.  8846098 

Pnduct 

9.275 

Log.  0.96731 

Product 

.01722 

Log.  8.230033 

DIVI 

3ION. 

Rdlb.  From  the  logarithm  of  the  dividend  subtract  the  logarithm  of  the 
^risor,  and  the  remaiitder  will  be  a  logarithm,  whose  corresponding  number 
will  be  the  quotient  required.  When  the  index  of  the  divisor  exceeds  that 
oC  the  ^vidend,  borrow  10,  and  the  remiunder  will  be  the  index  of  the 
quotient. 


•  For  the  hiM 
ndiratobelaknioiitii 


tbh  Work,  aee  ihe  ExpkiuttiDD  to  Tsble  XXIV. 
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LOGABITMMICAL  AEITHHETIC. 


BXAJIPLBB. 

Divide 

75 
3 

Log.  1.87506 
log.  0. 47712 

Divide  139.2 
by                 6 

L.«.S.143«» 
Log.  0.  778U1 

Qaotient 

m 

Log.  1. 39794 

Quctieiit     23.2 

Log.  1.36548D 

Divide 
by 

9.275 
2.5 

Log.  0.96731 
Log.  0.3Sfm 

Divide  .01722 
by             .07 

Log.  8.236(8S 
Log.  a  845096 

Qnotient 

3.71 

Log.  0.56937 

Qaotient     .246 

Log.  9.39093S 

INVOLUTION. 

Imvoldtion  is  the  raising  of  powers  from  a  f^ven  loot  Wben  anumbn 
is  multiplied  hj  itself,  the  product  is  called  its  Sd  power,  or  square ;  when 
this  product  is  multiplied  by  the  given  number,  the  last  product  is  called 
its  Sd  power,  or  cube;  and  when  the  multiplication  is  again  repeated, 
the  4tb  power,  and  so  on.  The  let  power,  or  number  thus  raised,  is  caDed 
&e  root,  and  the  number  of  the  power  to  which  the  given  number  is  rused, 
the  indeo!  of  that  power :  hence,  to  raise  or  involve  a  number  to  a  given 
power,  multiply  its  I(«aritbm  by  the  index  of  the  power  to  which  it  is  to 
be  raised,  ana  the  product  will  be  the  Ic^^thm  of  the  power  sought. 

When  the  given  number  is  a  decimal  fraction,  prefix  as  many  ophcM, 
less  one,  as  the  index  of  the  product  wante  of  being  10  nuldpHed  by  the 
index  of  the  power. 

BXAlfPLRB. 

Required  the  square,  or  2d  power,  of  1 5.  Required  the  square  of .  17'^ 

Root  15  Log.  1. 176(0        Root  .  174  Log.    9. 2406«| 


Log.  2.3 


Required  the  cube,  or  3d  power,  of  2. 5. 
Root  2.6  Log.  0.397»4 

Index 3 


Log.  1. 19382 


Power  .030276       Log.  18.481008 

Required  the  6th  power  of .  2. 
Root  .2  Log.    9.3O1O30 

Index 5 


Power  .  00032         Log.  46. 605150 


EVOLUTION. 


Evolution  is  the  extracting  of  the  root  of  a  given  power,  or  finding  a 
number  which,  when  raised  to  the  given  power,  will  produce  the  given 
number :  it  is  consequently  the  reverse  of  involution,  and  is  performed  by 
dividing  the  It^rithm  of  the  number  by  the  index  ^  the  power,  and  the 
quotient  will  be  the  logarithm  of  the  root  required. 
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LOGABITHUICAL  AUiTHUETlC. 


When  the  given  Dumber  is  a  decimal  fraction,  prefix  to  the  index  of  its 
loginthm  a  figure  lessened  by  one  than  the  index  of  the  power,  and  divide 
the  whole  by  the  index  of  the  power. 


Required  the  square,  or  2d  root,  of 

.030276 
Power.  030276    Log.  2)  la  481098 


Required  the  square  root  of  225. 
Power  225  Log.  2)  2.  35218 

Root  15  Log.         1.17609 

Required  the  cube  root  of  15. 6Q5. 
Power  15.625  Log.  8)  1. 19382 
Root  2.5  Log.       0.39794 


Log. 


Required  the  5th  root  of .  00032. 
Power  .  00032     Log.  5)  46.  SOfllSO 


RULE  OF  THJREE. 


Role.  Add  the  It^arithms  of  the  second  and  third  terms  together,  and 
from  their  sum  subtract  the  li^^thm  of  the  first  term,  and  the  remainder 
wiU  he  the  logarithm  <^  the  fourth  term. 

Or,  add  ttwether  the  arithmetical  complement*  of  the  logarithm  of  the 
first  term,  and  the  Ic«ariUuna  of  the  second  and  third  terms ;  the  sum, 
igectmg  10  from  the  index,  will  be  the  logarithm  of  the  fourth  term,  or 
proportional  number. 

■XAHFLES. 

Suppose  a  watch  or  time-keeper  eaiu 
14  seconds  in  6  days  6  houn,  hov 
much  will  it  gain  in  17  days  15  hours  f 
As  5. 25  days  L^-  0. 7S0169 


If  a  ship  sail  49.  5  miles  in  8  hours, 
bowiiiu)ymileswillsheruiiin24hoors, 
npponng  her  to  go  at  the  same  rate  ? 
As  8  hours  Log.  0.  90309 


I«to49.5inilee 
Sois241ionre 


To  14&  5  milaa 


Log.  1.69461 
Log.  1.38021 

Sum  a  07482 
0.90309 


Log.  2. 17173 

Or  thus. 

As  8  hours  Arith.  Co.  Log.  9. 09691 

ht«4».5  miles  Log.  1.69461 

80  is24  hours  Log.  1.38021 

To  148L5  miles  Log.  2. 17173 

Note — Set  Iheie  Erampbi 


Is  to  14  seconds 
So  is  17. 625  days 


Log.  L  146128 
Lc«.  1.246129 


To  47  seconds  Log.  1.  672098 

Or  thus. 
As  5.2s  days  Arith.  Co.  Log.  9.279841 
Is  to  14  seconds  Log.  L  146128 

So  is  17.  625  days         Log.  1.246129 

To  47  seconds  Log.  1 .  672098 

vrfcnl  in  Dtmaat  ArU/tmelK. 
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PRACTICAL  GEOMETRY. 


DEFINITIONS. 


GEOMETRY*  is  the  Sdenoe  or  doctrine  of  extendon,  or  thinga  ex- 
tended ;  thftt  is,  of  lines,  surfaces,  and  solids ;  or  it  b  that  Science  whid 
treats  of  the  descriptions,  properties,  and  relations  of  magnitude  in  geturaL 


A  Point  is  that  which  had)  no  parts,  bang  ctmsidered  in  Matbemtlici 
\e  indivisible,  and  may  be  expressed  by  a  dot. 


A  Line  is  that  which  is  produced  by  the  motion  of  a  pcont,  and  hai 
length  without  eennble  breadth  or  thickness. 

IV. 

A  STBAiT  Line,  or  bight  Line,  is  that  which 

lies  evenly  between  its  extremes,  without  changing ^ 

its  direction,  and  is  the  nearest  distance  between 
the  two  p<nnt8  that  terminate  it,  as  a  b. 

V. 

A  cu&VBD  Line  is  that  which  is  not  the  nearest 
distance  between  its  extremes  or  ends,  as  c  n. 

A  hne  is  generally  expressed  by  two  letters  at  its  exb«mes. 

VI. 

Paxallel  Lines  are  such  as  are  in  the  same 

direction,  being  in  every  part  at  the  same  distance    a 

fromeach  other,  and  which,  if  infinitely  extended,    c 

would  never  meet ;  as  the  lines  a  b,  c  d. 


*  Oeometry  originally  meant  nothinff  mora  thsn  i1m  Art  of  meuuHiw  the  earth,  and  <> 
Mid  to  have  been  inTented  Ijt  the  Efn>tiani,  vho  had  reooune  to  it  In  ordar  to  uoertain  tbi 
artifidal  bonndanu  of  cheirWd,  irbich  mere  eolirBly  oblJtanCed  by  the  ■ 
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PRACTICAL  OEOHBTSr. 
VII. 


A  SiTPEKFiciBs,  or  SoKTACE,  IB  that  which  is  conceded  to  have  leng[th 
and  breadth  only,  without  any  coneideratioD  d  thidmess,  and  its  boundaries 


A  Plane  Superficies  is  that  which  lies  evenly  between  its  extiemee, 
so  that  a  ri^^t  line  may  wholly  coincide  with  it  in  all  parts  and  directions. 


IX. 

A  Solid  is  that  which  hath  length,  breadth,  and  thickneSB,  anditi  bounds 
or  extremes  are  Superficies. 


ACibclb  is  a  plane  figure  bounded  by  a  curved 
line,  called  the  ci&cnHFEKEKCB,  as  a  b  n,  which 
is  in  every  part  equally  distant  from  a  point  within 
it,  called  the  cbntbe,  as  c  ;  it  is  formed  by  the 
revolution  of  a  line  about  one  of  its  exbemities, 
which  remains  Bxed. 


The  drcumference  of  itself  b  often  Cfdled  the 
aide,  although  properly  the  drde  Is  the  space 
contuned  witmn  the  circumference. 

The  circumference  of  every  circle  is  usually  supposed  to  be  divided  into 
860  equal  parts,  called  nECBEss ;  each  degree  into  60  equal  parts,  called 
MiMHTEs;  each  minute  into  60  equal  parts,  called  seconds  ;  and  so  on. 

Degrees,  minutes,  and  seconds,  are  thus  expressed,  40°  SS*  15";  that  is 
40  di^iees,  SS  minutes,  and  15  seconds. 


An  Abcb  or  Arc  of  a  Cirde  is  any  part  of  the 
circumfeience,  as  d  7  E. 


A  Chobd  is  a  ri^t  line  joining  the  ends  of  an 
Arch,  as  de;  it  divides  the  Circle  into  two  unequal 
pttts,  called  sECHEMTs ;  SB  D  F  B  and  d  a  b. 
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PRACTICAL  OBOHBTRY. 


XIII. 

A  DiAjiBTBB  is  a  ri^t  line  drawn  through  the 
centre  of  a  circle,  and  terminated  at  both  enoB  by 
the  circumference,  as  a  c  b  ;  it  divides  the  circle 
,  into  two  equal  parts,  called  behicibcles  ;  as  aob 
and  AVB. 

XIV. 

A  QuADKANT  is  half  a  semicircle,  or  the  fourth 
part  tS  die  whole  drcle,  as  acq  or  oc  b. 


A  Rasidb,  or  Sbmidiahetkb,  is  a  rig^t  line  drawn  from  the  centre  to 
any  part  of  the  circumference,  anid  is  the  extent  tolcen  in  the  compasMi 
to  describe  a  circle,  as  c  a,  c  o,  or  c  b. 


A  Sectob  is  any  part  of  a  circle  comprehended 
between  two  ra^  and  their  included  arch,  as  a  c  B. 


XVI  I. 

An  Angle  is  the  inclination  or  opening  of  two 
lines  meeting  in  one  pcnnt :  the  point  where  they 
meet  is  called  the  angulab  poimt,  as  a  ;  and  the 
lines  ibat  include  it,  Ae  bides  or  legs,  as  a  b. 


An  Anide  is  eomeOmes  expressed  by  three  letters,  the  middle  one  alwa^ 
denobu;  the  angular  pmnt,  uid  the  other  two  the  1^  that  include  it ;  but 
general^  by  the  letter  at  the  angular  point  only ;  as  the  angle  b  a  c,  « tbe 


XIX. 


An  angle  is  measured  by  on  arch  of  a  circle 
contuned  between  its  legs,  making  the  angular 
point  the  centre  of  the  circle ;  thus  the  arch  a  b 
IS  the  measure  of  the  angle  a  c  b. 
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PRACTICAL  GEOHBTRY. 


Angles  are  sud  to  be  equal  to  each  other  when 
Uie  aircbeB  that  measure  them  are  equal,  ss  the 
snglea  A  c  R  and  n  s  f. 


XXL 

One  angle  is  esteemed  greater  or  less  than 
another,  according  as  the  arch  between  its  l^  is 
greater  or  lees;  thus  the  angle  ghi  is  greater  than 
the  angles  a  c  R  or  D  E  f. 


Fioni  the  preceding  Definitions  it  will  appear  evident  that  the  measure 
of  an  angle  does  not  depend  on  the  length  <n  its  lege,  but  on  their  indi- 
oation  only ;  for,  as  we  have  iust  seen,  the  angle  6  H  i  is  greater  than  the 
angles  a  c  b  or  o  b  f,  although  the  I^  of  (he  latter  are  longer  than  those 
of  the  former. 


XXII. 

As  aD  circles  are  supposed  to  be  divided  into  860  equal  parts,  called 
degrees,  &c.  a  certain  number  of  these  divisions  will  be  contamed  between 
the  two  legs  of  the  angle  i  wherefore  an  angle  is  said  to  measure  so  many 
d^ieea,  minuteB,  &c.  as  are  conttuned  in  the  arch  between  the  legs. 


XXIII. 

The  arch  which  measures  an  angle  may  be  described  with  any  radius ; 
for,  aince  the  whole  drcumierence  of  every  circle  is  supposed  to  be  divided 
into  the  same  number  of  parts,  it  hence  follows  that  the  divisions  will  be 
greater  or  less  in  the  same  proportion  as  the  whole  circumference. 


XXIV. 

Whm  one  mht  line  falls  upon  another,  so  as 
to  make  the  angles  on  each  nde  of  it  eqaai,  it  is 
cdled  a  PEBPENDicoLAR,  and  the  angles  formed 
by  these  lines,  as  the  aUgles  a  c  d,  d  c  b,  are  called 
SIGHT  ANGLES ;  now  as  the  semicircle  a  d  r  con- 
tons  180  degrees  (^e  half  of  860),  all  right  an^es  . 
nil  contun  an  arch  of  90  degrees,  eqiud  to  the 
fourth  part  of  the  whole  circle. 
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FKACTICAL  OSOHBTBT. 


An  ACHTB  Ahole  u  thit  which  contains  less 
thio  a  ri^t  angle,  or  90  dqirees,  aa  the  angle 

CAB. 


XXVI.  \ 

An  obtuse  Anole  is  that  which  contains  ^\ 
more  than  a  light  angle,  or  90  degrees,  as  die  \ 
angle  fob.  ^ 


XXVII. 

Acute  and  obtuse  angles  are  called  obliqob  Angles. 

XXVIII. 


The  Sinb  or  bight  Sine  of  an  arch  is  a 
right  line  drawn  from  one  extreme  of  the  arch, 
perpendicular  to  a  diameter  drawn  to  the 
other  extremi^,  and  is  equal  to  half  the  chord 
of  double  the  arch ;  thus  d  e  is  the  sine  of  ^/ 
the  arch  d  b,  and  is  equal  to  half  the  chord  " 
D I  of  double  the  arch  d  b  i. 


5 

"A 

.■■'""   p 

/ 

^ 

V 

'1 

The  vEBSED  Sine  of  an  arch  is  that  part  of  a  diameter  contahMd 
between  the  sine  and  the  arch;  thus  eb  is  the  versed  tone  of  the  archoi- 


The  Tangent  of  an  arch  is  a  right  line  drawn  perpendicular  to  the  md 
of  a  diameter  passing  through  one  extremity  of  the  arch,  and  continoed 
till  it  meet  a  right  luie  drawn  from  the  centre  through  die  other  end  of 
the  arch ;  thus  a  b  is  the  tangent  of  the  arch  n  b. 


The  Secant  of  an  arch  is  a  right  line  drawn  from  the  centre  thioi^ 
one  end  of  the  arch,  till  it  meet  the  tangent  draim  from  the  other  ow' 
thus  c  A  is  the  secant  of  the  arch  d  b. 
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XXXIX. 

The  CoMFLSMKNT  of  an  aidt  is  what  it  wants  of  a  right  aa^,  or  90 
degrees ;  thus  a  d  is  the  complement  ofoB,  otdbc^dg. 


The  SnpPLEHENT  of  an  arch  is  what  it  wants  of  two  right  angles,  or 
180  degrees ;  thus  l  d  is  the  supplement  of  d  b,  or  d  b  of  l  d. 

XXXIV. 

The  Co.  Sine,  Co.  Tangent,  Co.  Secant,  and  Co.  Veheed  Sine  of 
an  arch,  is  the  sine,  tangent,  secant,  and  versed  sine  of  the  complement  of 
that  arch ;  Co.  being  a  contraction  of  the  word  complement :  thus  d  f  is 
the  CO-  sine,  g  h  the  co.  tangent,  c  h  the  co.  Bccant,  and  c  f  the  co.  versed 
sine,  of  the  arch  d  bj  being  the  uoe,  tangent.  Sec.  of  the  arch  dg,  the 
complement  of  the  arch  n  b. 

The  sine,  tangent,  and  secant  of  an  arch,  as  of  d  b,  is  likewise  the  sine, 
tangent,  and  secant  of  the  supplement  of  that  arch,  as  of  l  d. 

XXXV. 

An  angle  being  measured  by  an  arch  of  a  circle,  (see  Def.  XIX.)  the 
idne,  tangent,  &c.  of  an  arch  is  the  sine,  tangent,  Sic.  of  the  angle  which 
is  measured  by  the  arch,  or  of  the  degrees  and  minutes,  &c.  that  the  arch 
contains ;  hence,  suppodng  the  arch  d  b,  which  measures  the  angle  d  c  b, 
to  contain  50  d^^iees,  die  fines  d  e,  a  b,  a  c,  and  e  b,  will  be  respectively 
the  sine,  tangent,  secant,  and  vereed  sine  of  the  angle  a  c  b,  or  of  50 
degrees ;  and  consequently  the  co.  sine,  co.  tangent,  co.  secant,  and  co. 
v^sed  sine,  of  the  angle  g  c  d,  or  of  40  degrees,  the  complement  of  50 
degrees. 


A  Plane  Triangle  is  a  figure  bounded  W  three  right  lines,  and  con- 
tains three  ui^es,  of  which  there  are  several  kinds,  boUi  with  respect  to 
their  sides  and  angles. 


An  EttuiLATEBAL  Triangle  b  that  which 
lits  its  three  sides  equal  to  one  another,  as  a  b  c. 
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FBAOTICAL  OBSMITKT. 


An  IiotcBLEs  Tbianqlb  it  diat  iriiidi 
hu  tody  two  tide*  equal,  m  d  s  f. 


A    SCALBNE    TbIANOLK    i 

■ides  ue  aU  uneqiul,  u  ohi. 


XL. 

A  RiCHT  Amglkd  Tkianole  is  that 
which  has  one  of  its  angles  right,  or  con- 
taining 90  decrees,  as  the  angle  a  ;  the  side 
oppoaile  Uie  nf^t  angle  is  c^ed  the  Hypo- 
thbncsb,  as  b  c  ;  and  die  other  two  sides 
are  called  Legs,  that  which  stands  upright, 
the  Pbkpenciculab,  as  a  c,  and  the  ouer, 
the  Base,  as  ba. 

XLI. 

An  Acute  Avoled  Tbiamole  is  that 
which  has  all  its  Angles  acute,  as  dbf. 


An  Obtdse  Amoled  Tbiamgls  is  that 
which  has  one  of  its  angles  obtuse,  as  the 
angle  n  in  the  triangle  ohi. 


All  triangles  that  are  not  right  angled,  whether  they  are  acute  or  obtiw 
are,  in  ^n»al  terms,  called  OBLians  Angled  Tbianoles,  without  tff 
other  distinction. 
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UAOIICAL  BCOKCTBT. 


PROBLEMS. 


To  dmdB  a  giom  right  lane  a  b  into  too  equal  ParU. 

Take  ut  extent  in  the  compsBses  neater 
than  half  uie  Use  a  b,  and  with  one  foot  in 
B  deMiibe  an  aich ;  with  the  same  tadiuB, 
and  one  foot  in  a,  describe  an  arch  cntdng 
the  former  in  c  and  o ;  through  c  and  d 
draw  a  right  line,  and  thia  line  wOl  divide  the 
^Teo  Ibie   A  B  into  tvo  equal  parts  at  (he 

In  thia  man""  any  arch  of  a  drde  may 
be  derided  into  two  equal  parte. 

PROBLEM  IL 

Frmn  a  giem  Pvint  c,  in  a  given  right  Line  a  v,  toraite 
a  PerpeTtdieutar. 

Caib  Ist.  When  the  given  ptnntcia  near  j 

the  middle  of  the  line  a  b. 

With  one  fbot  of  the  compasses  in  c,^  at 
any  i&stance,  draw  an  arch  cutting  the  line 
A  B  in  B  and  e  ;  from  the  pcnnta  o  and  b, 
with  any  distance  greater  tnan  ex  or  c d, 
describe  two  arches  cuttmg  each  other  in  f  ; 
thtot^  Ute  p<nnta  f  and  c  draw  the  line  i  c, 
and  it  wffl  be  perpendicular  to  the  given  line 


Cask  !Ed.  When  the  given  point  c  is  at, 
01  neat  tke  end  of  the  line  a  b. 

Take  any  ptunt  out  of  the  line,  as  D,  and 
widi  the  distance  cc  describe  a  orde, 
cntdng  the  line  a  b  in  e  and  c ;  throurii 
the  centre  d  and  the  p<nnt  E  draw  the  right 
line  K  7,  cutting  Ae  circle  in  f  ;  then  a  hne 
drawn  through  f  and  c  will  be  the  perpen- 
dicular requued. 


..Cioogic 


PBACTICJtL  OSOUBTKr. 


~7? 


// 


SO 

Or  thva :  Describe  the  arch  d  k  at  any 
'  diBtuioe  from  c,  and  vith  one  foot  of  the 
compasses  in  d,  vith  the  same  exteat,  de- 
scribe an  arch  cutting  the  arch  d  e  in  K ;  from 
this  point,  keeping  the  same  extent  in  the 
compasses,  draw  the  arch  o  i  liam^  d 
and  E  draw  the  right  line  dg,  cutting  the 
arch  in  G ;  then  <baw  a  right  Jine  thnni^ 
G  and  c,  and  it  will  be  we  perpendicubr  *— 
required. 


PROBLEM  III. 

^VofR  a  given  IWnt  c  to  let  fait  a  Perpendieutar  on  a  gioen 
right  Line  &  b. 

Case  Ist.    When  the  point  c  is  nearly  q 

opposite  the  middle  of  the  hue  a  b. 

With  one  foot  of  the  compasses  m  c, 
describe  an  srch  cutting  Uie  line  a  b  in  d  and 
£ ;  &om  these  points,  at  anv  distance,  describe 
two  arches  cuttmg  each  otner  in  f  ;  through 
the  points  c  and  v  draw  a  right  line,  and  it 
will  De  perpendicular  to  the  given  line  a  b. 


X' 


Case  2d.  When  the  given  point  c  b  nearly 
opposite  to  the  end  of  the  line  a  b. 

Place  one  foot  of  the  compasses  in  anv 
part  of  ^e  given  line,  as  at  a,  and  with 
the  distance  a  c  describe  the  arch  c  s ;  then, 
from  any  other  part  of  the  given  line  nearly 
under  the  point  c,  as  at  D,  with  the  distance 
D  c  describe  a  sioall  arch  cutting  the  arch 
c  E  in  E ;  then  a  line  drawn  through  the 
points  c  and  £  wiD  be  perpendicular  to  the 


PROBLEM  IV. 
To  draw  a  right  Line  paraUd  to  a  grven  right  Lint  a  b 

Case  1st.  When  the  parallel  line  is  to  pass  '^'K 

throueh  a  jpven  point  d.  --ji;"  ^  

Take  the  nearest  distance  between  the  given 

point  D  and  the  right  line  a  b  ;  widi  that  j^ v 

distance  set  one  foot  of  the  compasses  on  any  c 
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PAACTICAL  aKOMETBY. 

1  of  the  line  ab,  u  at  c,  and  describe  the  aich  2;  from  tbep 
..  vw  a  line  ao  as  just  to  touch  the  arch  k  without  cutting  it,  and  ia 
wDl  be  panllel  to  the  siven  line  ab  throu^  die  given  point  n. 

Case  2d.     When  Uie  paralld  line  is  to  be  ^  p 

at  a  Riven  distance  from  me  right  line  a  b. 

With  the  given  distance  in  die  compassee, 
describe  tvo  arches,  d  and  s,  fiom  any  two 


^  X  , 


points,  as  f  and  o  in  the  given  right  line ;  p  g 

then  a  line  d  e  drawn  iust  touching  the  two 
aidws  without  cutting  uem,  mil  be  parallel  to 
the  given  line  a  b. 

PROBLEM  V. 

At  a  given  Point  d  in  the  right  Line  or,  to  make  an  Angle  E  s  f 
equal  to  a  given  Angle  c  b  a. 

With  one  foot  of  the  compasses  in  b,  at  any 
^stance,  describe  the  arch  a  h;  through  d  draw 
the  line  a  r,  and  keeping  the  some  extent  ' 


the  compasses,  place  one  foot  in  D,  and  describe 
die  arch  in  1  k  ;  then  take  the  .distance  G  h, 
apply  it  to  the  arch  i  k  trom  k  to  i,  and  through 
the  points  d  and  1  draw  the  line  o  e  ;  the  an^e 
e  D  P  wiU  tben  be  equal  to  the  angle  c  b  a,  as 
Wig  required. 


PROBLEM  VI. 

To  divide  a  given  Angle  a  b  c  into  two  equal  Parte. 

From  the  angular  point  b,  with  any  extent 
b  the  compasses,  describe  the  arch  d  e  ;  &om 
D  and  E,  with  the  same  or  any  other  extent, 
describe  two  arches  cuttmg  each  other  in  F ; 
through  the  points  a  and  f  draw  a  right  line, 
■nd  it  will  airide  the  angle  into  two  equal 
parta. 

In  the  same  manner  any  ^ven  aich  of  a 
cDcle  ia  bisected,  when  the  centre  of  the  circle 
U  given. 
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PKACTICAL  OBOHETBT. 


PROBLEM  VIL 


To dwjde  a  Circle  a b co  inio  two,  four,  ei^^,  riJBtttrtj  thirijf  two,  ^ 
equal  Partt. 

Draw  A  diameter  ab,  and  it  will  divide 
the  ciicle  into  two  equal  parts;  from  the 
points  A  and  b  deectibe  the  ttchea  at  c  and  o; 
a  line  drawn  through  these  will  divide  the 
circle  into  four  equal  parte;  then  bisect  the 
archea  a  c,  c  b,  &c.  by  the  last  problem,  and 
the  circle  will  be  divided  into  eight  equal  A 
parts,  and  ao  on  by  continual  bjaectiona. 

This  problem  la  uaeM  in  conetructing 
the  Mariner's  Compass. 


PROBLEM  Vin. 

To  drtuo  the  Ctretan/erence  of  a  Circle  through  any  three  given 

Poinia  a,  b,  c,  not  attuated  in  a  right  Line. 


V-- 


Draw  lines  joining  a  b  and  b  c,  and  bisect 
tibem  by  lines  meeting  in  o,  as  directed  in        ,— -Y"      n 
Problem  I. ;  then  from  o,  at  the  distance  of   /■'"'      [yv-:;.,-^ 
any  one  of  the  points,  as  o  a,  describe  a  '  ^"''^      ~^ 

cime,   and  it  will  pass  through  the  other 
points  B  and  c,  as  lecjuired. 

In  this  manner  the  centre  of  a  drde  may 
be  found ;  for,  taldng  any  three  points  in  the 
drcumJerence,  and  proceeding  as  before 
ditected,  the  lines  meetmg  at  o  will  give  the 
centre  required. 

PROBLEM  IX. 

To  divide  a  given  Line  a  b  into  any  proposed  Number  of  equal  Part*- 

Let  it  be  required  to  divide  the  line  a  b 
into  seven  equal  parts;  from  one  end  a,  of  the 
^ven  line  a  b,  draw  a  i^ht  line  a  c,  roakind 
any  angle  widi  a  b,  and  fitnn  the  other  end 
B  draw  a  line  b  d  parallel  to  a  c;  on  each  of 
the  lines  a  c,  b  d,  beginning  at  a  and  b,  set 
off  as  many  equal  parts  as  a  b  is  to  be 
divided  into,  vix.  seven;  then  lines  drawn 
from  a  to  7,  1  to  6,  2  to  S,  8  to  4,  8tc.  will  °" 
divide  the  given  line  into  seven  equal  parts. 
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FBACTICAL   GBOMBTItT. 


PROBLJIM    X. 

To  construct  Scales  ofeqwU  Parts. 

The  amplest  scale  of  equal  parts  is  made  by  drawing  a  stmt  line,  and 
diTiding  it  with  a  pur  of  compasses  into  as  many  primary  divisions  as  con- 
Yenient,  which,  if  tne  Une  be  <n  a  definite  length,  may  be  done  by  Prob.  IX., 
and  subdinding  one  of  these  dedm&Ily,  or  into  ten  equal  parts ;  then  each 
of  the  former  may  represent  10  units,  as  leagues,  mues,  &c.,  and  in  that 
case  the  latter  will  represent  one  of  these  units :  or  if  the  larger  divisions 
be  supposed  to  be  100,  then  the  subdivisions  will  be  tens,  and  so  on. 
Siq^xne,  fbi  example,  it  were  required  to  set  off  from  the  Scale  S5  or  £50 : 
set  one  foot  of  a  pair  of  compasses  on  2  among  the  primary  divisions,  and 
the  other  on  the  5th  subdivision ;  then  this  extent  inll  represent  25  or  S50 
miles,  kagoes,  or  any  other  measure  of  length,  as  may  be  reqmred. 

Thne  are  frequently  several  of  these  scales  drawn  ;mrallel  to  each  other, 
of  difierem  lengths,  on  a  flat  rule,  (as  Fig.  1,  Plate  I.);  they  are  divided 
mto  as  many  equal  parts  as  the  length  of  me  rule  will  admit ;  the  numbers 

S laced  on  the  left  hand  shewing  how  manr  parts  in  an  inch  each  scale  is 
i^dedinto.  These  scales  are  sometimes  subdivided  duodedmally,  to  adapt 
them  to  fe«t  and  intdies  when  used  in  Mensuration ;  or  sexagesuially,  to 
lewesent  degrees  and  miles  on  Maps  and  Charts. 

But  the  most  correct  scale  of  equal  parts  is  the  diagonal  scale 
(F^.  !i,  Plate  I.),  the  larger  divisions  of  which  ai«  commonly  an  indi  or 
half  an  indi,  and  sometimes  a  quarter  of  an  inch,  subdivided  into  one 
hundred  equal  pu^  To  construct  this  scale,  draw  eleven  equidistant 
parallel  Unes ;  mvide  the  upper  of  these  lines  a  e  into  such  a  number  of 
equal  parts  as  the  scale  is  intended  to  contain ;  from  each  of  these  divisions 
draw  perpendicular  lines  through  the  eleven  parallels  to  the  line  c  f  ;  Buh< 
divide  the  first  (^  these  divisions  a  b  and  c  d  mto  ten  equal  parts,  and  from 
the  wont  c  to  the  first  division  in  the  line  a  b,  draw  a  diagonal  right  line, 
and  lines  pandlel  to  this  throu«^  each  succeeding  subdivision ;  then  will 
each  cUa^nal  line,  in  passing  from  the  line  b  a  to  d  c,  be  one-tenth  of  the 
subdivisions  further  from  the  line  d  b,  at  the  points  where  they  mtersect 
each  succeeding  parallel  from  b  a  to  n  c,  that  is,  one  hundredth  of  the 
Umr  divisions,  by  which  means  it  is  divided  into  one  himdred  equal  parts. 
If,  therefore,  the  larger  divisions  be  accounted  as  units,  the  first  sub- 
divinons  will  be  tenths,  and  the  second,  marked  by  the  diagonals  upon  the 
pBnllE^,  hundredth  purts ;  but  if  we  suppose  each  of  the  larg»  divisions 
lo  represent  ten,  then  the  first  subdivisions  will  be  unite,  and  the  second 
tendis ;  or  if  the  larger  divisions  be  hundreds,  then  will  the  first  subdivisions 
be  tens,  and  the  second  units ;  so  that  the  value  of  the  subdiviraons  depends 
on  that  of  the  larger  divisioDs. 

The  numbers  376,  37. 6,  3. 76,  may  therefore  all  be  expressed  by  the 
■wne  extent  of  the  compasses  :  thus,  setting  gne  foot  in  the  line  marked  3 
(^the  larger  divisions,  on  the  sixth  paraUel,  and  extending  the  other  along 
the  ume  parallel  to  the  seventh  diagonal,  that  distance  will  be  the  extent 
required ;  for  if  the  three  larger  divisions  be  taken  for  300,  seven  of  the 
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S3  FRACTICAL  OBOHBTBY. 

PROBLEM  VIL 

To  divide  a  dr^  a  b  c  d  into  two,  four,  eig^,  ainten,  Mrtf-Jwo,  ^-e. 

equal  Parts. 

Dnw  a  diameter  ab,  and  it  will  divide  f. 

the  aide  into  two  equal  parts;  &om  the 
{KMnta  A  and  b  describe  the  arches  at  c  and  d; 
a  line  drawn  throush  these  will  divide  the 
cirde  into  four  equu  parts;  Aen  bisect  tfae 
arches  a  c,  c  b,  &c.  by  the  last  problem,  and 
the  circle  wiU  be  divided  into  eight  equal 
parts,  and  so  on  by  continual  bisections. 

This  problem  is  useftil  in  constnictiDg 
the  Mariner's  Compass. 


PROBLEM  VIII. 

To  drato  the  Grcumfsrence  of  a  Ci'tvle  through  any  three  giten 

Pojntt  A,  B,  c,  not  situated  in  a  right  Line. 

I>aw  lines  jinniiig  a  b  and  b  c,  and  bisect  \^     y" ~-v     ,- 

them  by  lines  meeliug  in  o,  as  directed  u        ^-V      n       V.~... 
Problem  I. ;  (hen  from  o,  at  the  distance  rf    ,■■''       jv^rt^-^r-i^       ^. 
any  one  of  the  points,  as  u  a,  describe  a  /        /5<m      ( /^6\ 

drde,  am)  it  wul  pass  through  the  other  -.        /      '^'^. [^       \ 

p<»nts  B  and  c,  as  required.  \    /       /\  /\       \ 

In  this  maimer  the  centre  of  a  drde  may    ^| — "^     ^0   ''■-.....X.'' 
be  found ;  for,  taking  any  three  points  in  the         V  j 

circumference,    and   proceeding   as  before  \  / 

directed,  the  Unes  meeting  at  o  will  give  the  \ ^_^ 

centre  required. 

PROBLEM  IX. 

To  divide  a  given  Line  a  b  into  any  propose  Number  of  equal  Parts. 

Let  it  be  required  to  divide  the  line  a  b 
into  seven  equal  parts;  firom  one  end  a,  of  the  ,     ^^ 

given  line  a  b,  ii«w  a  right  line  a  c,  makind  8,^-'^ 

any  angle  with  a  b,  and  from  the  other  end  s    -.-- ■•^''^V     ^ 

B  draw  a  line  b  d  parallel  to  a  c;  on  each  of  ^ 
the  lines  a  c,  b  d,  beginning  at  a  and  b,  set 


VArJ' 


trie  unes  a  c,  b  d,  negmung  ac  a  ana  b,  set     \  ^     \     \    - 

off  88   many  equal  puts  as  a b  is  to  be      \    \    \_,V-T^ 
divided  into,  vix.  seven;  then  lines  drawn        X.^J'^"** 
from  A  to  7,  1  to  6,  8  to  S,  3  to  4,  Sre.  will  "'"^ 
dinde  the  given  line  into  seven  equal  parts. 
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PBACTICAL   OBOUtTHT.  S8 

PROBLEM  X. 

To  construct  Scales  of  equal  Parts. 

The  nm^eet  scale  of  equal  parta  is  made  by  dtawing  a  strait  Une,  and 
dtricBiig  it  with  a  pab  of  compasseH  into  as  many  primary  divisiong  as  cod- 
renient,  wliic:h,if  toe  line  be  tf  a  definite  length,  may  be  done  by  Prob.  IX., 
and  subdividing  one  of  these  decimally,  or  into  ten  equal  parts ;  then  each 
of  the  former  may  represent  10  units,  as  leagues,  miles,  &c.,  and  in  that 
caae  the  latter  will  represent  one  of  these  units :  or  if  the  lai^er  divisions 
be  supposed  to  be  100,  then  the  subdiviBions  will  be  tens,  and  so  on. 
Siqipose,  for  example,  it  were  required  to  set  off  from  the  Scale  S5  or  £50 : 
s^  me  foot  of  a  pair  of  compasses  on  %  among  the  primary  divisions,  and 
the  other  on  the  oth  subdivision ;  then  diis  extent  will  represent  St5  or  S50 
miles,  leagues,  or  any  other  measure  of  length,  as  may  be  required. 

There  are  frequently  several  of  these  scoIeB  drawn  parallel  to  each  other, 
of  different  lengths,  on  a  flat  rule,  (as  Fig.  ] ,  Plate  I.) ;  they  are  divided 
into  as  many  equal  parts  as  the  length  of  Uie  rule  will  admit ;  the  numbers 

S laced  on  the  left  hand  shewing  now  many  parts  in  an  inch  each  scale  is 
ivtded  into.  These  scales  are  sometimes  subdivided  duodedmally,  to  adapt 
them  to  feet  and  inijies  when  used  in  Mensuration ;  or  sexageaunally,  to 
rqiiesent  d^iees  and  miles  on  Maps  and  Charts. 

But  the  most  correct  scale  of  equal  parts  is  the  niAOONAL  scale 
(Fw.  %,  Plate  I.),  the  lai^er  divisions  of  which  are  commonly  an  inch  or 
ban  an  inch,  and  sometimes  a  quarter  of  an  inch,  subdivided  into  one 
hundred  equal  parts.  To  construct  this  scale,  draw  eleven  equidistant 
parallel  lines ;  divide  the  upper  of  these  lines  a  e  into  such  a  number  of 
equal  parts  as  the  scale  is  intended  to  contun ;  from  each  of  these  diviraons 
dnw  perpendicular  lines  through  the  eleven  parallels  to  the  line  c  f  ;  sub- 
divide the  first  of  these  divisions  a  h  and  c  o  mto  ten  equal  parts,  and  from 
the  point  c  to  the  first  diviraon  in  the  line  a  b,  draw  a  diagonal  lieht  line, 
and  lines  parallel  to  this  through  each  succeeding  subdivision ;  then  will 
each  diagonal  line,  in  passing  &om  the  line  b  a  to  n  c,  be  one-tenth  of  the 
subdivisions  further  fram  the  Une  d  b,  at  the  points  where  they  intersect 
eadi  succeeding  parallel  fVam  s  a  to  d  c,  that  is,  one  hundredth  of  the 
larger  divinons,  by  which  means  it  is  divi^  into  one  hundred  equal  parts. 

_  If,  Uierefore,  the  larger  divisions  be  accounted  as  units,  the  first  sub- 
drririons  will  be  tenths,  and  the  second,  marked  by  the  difwonals  upon  the 
puallels,  hundreddi  parts ;  but  if  we  suppose  each  of  the  larger  divinons 
to  represent  ten,  then  the  first  subdivisions  will  be  units,  and  the  second 
tenths ;  or  if  the  larger  divisions  be  hundreds,  then  will  the  first  subdivisions 
be  tens,  and  the  second  units ;  so  that  the  value  of  the  subdivisions  depends 
on  that  of  the  larger  divisions. 

The  numbers  376,  37. 6,  3.  76,  may  therefore  all  be  expressed  by  the 
ume  extent  of  the  compasses :  thus,  setting  one  foot  in  the  line  marked  3 
of  the  larger  divirions,  on  the  dxth  parallel,  and  extending  the  other  along 
the  same  parallel  to  the  seventh  diagonal,  that  distance  will  be  the  extent 
'^ired ;  for  if  the  three  larger  divisions  be  taken  for  300,  seven  of  tlie 


FRACTICAL  OBOUBTBT. 


PROBLEM  VII. 

To  dmde  a  Circle  a  b  c  d  into  too,  four,  eig^,  tiwUmty  thirlf-two,  ^ 

equal  Parte. 

Dnw  s  dumetex  ab,  and  it  will  divide  r> 

the  dicle  into  two  equal  puts;  from  the 
points  A  and  B  describe  the  arches  at  c  and  D ; 
a  line  drawn  through  these  will  divide  the 
drde  into  four  equM  parts;  then  bisect  the  , 
arches  a  c,  c  B,  Sec.  by  the  last  problemi  and 
the  circle  will  be  divided  into  eight  equal  a  L 
parts,  and  so  on  by  condnual  tusections. 

This  problem  is  useful  in  constructing  - 
the  Mariner's  Compass.  . 


PROBLEM  VIII. 

To  drme  the  Circamferenee  of  a  Circle  throtigh  any  three  gieen 

Pointe  A,  B,  c,  not  aiivated  in  a  right  Line. 

Draw  lines  joining  a  x  and  b  c,  and  bisect 
them  by  lines  meeting  in  o,  as  directed  in 
Problem  I. ;  then  from  o,  at  the  distance  of 
any  one  of  the  points,  aa  u  a,  describe  a 
drde,  and  it  will  pass  through  tfie  other 
points  B  and  c,  as  required. 

In  this  manner  the  centre  of  a  drde  may 
be  found ;  for,  taking  any  three  points  in  the 
drcumference,  and  proceeding  as  before 
directed,  the  lines  meeting  at  o  wiU  ^ve  the 
centre  required. 

PROBLEM  IX. 

To  divide  a  given  lAne  a  b  into  any  proposed  Number  of  equal  Part*- 

Let  it  be  required  to  divide  the  line  a  b 
into  seven  equal  parts;  from  one  end  a,  of  the 
^ven  line  a  b,  maw  a  right  line  a  c,  makind 
any  angle  witli  a  b,  and  from  the  other  end 
B  draw  a  line  b  n  parallel  to  a  c;  on  each  of 
the  lines  a  c,  b  n,  beginning  at  a  and  b,  set 
off  as  many  equal  puts  as  a  b  is  to  be 
divided  into,  vix,  seven ;  then  lines  drawn 
from  a  to  7,  1  to  6,  2  to  6,  8  to  4,  be.  will  "''^ 
divide  the  given  line  into  seven  equal  parts. 
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PROBLEM  X. 

To  construct  Scales  of  equal  Parts. 

The  amplest  scale  of  equal  parts  is  made  by  draving  a  strait  line,  and 
dividiiig  it  vith  a  pair  of  compasses  iato  as  many  primary  divisions  as  con- 
venient, which,  if  tbe  line  be  tn  a  definite  length,  may  be  done  by  Prob.  IX., 
and  subdividing  one  of  these  decimally,  or  into  ten  equal  parts ;  then  each 
of  the  fanner  may  represent  10  units,  aa  leagues,  mileB,  he,  and  in  that 
case  the  latter  wilt  represent  one  of  these  umts :  or  if  the  larger  divisions 
be  nippoeed  to  be  100,  then  the  subdivisions  will  be  tens,  and  so  on. 
Siqipose,  for  example,  it  were  required  to  set  off  from  the  Scale  S5  or  250 : 
set  one  foot  of  a  pair  of  compasses  on  2  among  the  ^mary  divisions,  and 
the  other  on  the  5th  subdivision ;  then  this  extent  wiU  represent  25  or  S50 
miles,  leagues,  or  any  other  measure  of  length,  as  may  be  required. 

Thne  are  frequently  several  of  these  scales  drawn  parallel  to  each  other, 
of  different  lengths,  on  a  flat  rule,  (as  Fig.  1 ,  Plate  I.) ;  they  are  divided 
into  as  many  equal  parts  as  the  l^igth  of  Uie  rule  wiU  admit ;  the  numbers 

S laced  on  the  lefl  hand  shewing  how  many  parts  in  an  inch  each  scale  is 
ivided  into.  These  scales  are  sometimes  subdivided  duodecimally.to  adapt 
them  to  feet  and  inches  when  used  in  Mensuration ;  or  sezageamiaUy,  to 
represent  degrees  and  miles  on  Maps  and  Charts. 

But  the  most  correct  scale  of  equal  parts  is  the  diagonal  scale 
(f'jg.  2,  Plate  I.),  the  larger  divisions  of  which  are  commonly  an  inch  or 
hall  an  inch,  and  sometimes  a  quarter  of  an  inch,  subdivided  into  one 
hundred  equal  parts.  To  construct  this  scale,  draw  eleven  equidistant 
parallel  lines ;  divide  the  upper  of  these  lines  a  e  into  such  a  number  of 
equal  parts  as  the  scale  is  intended  to  contain ;  from  each  of  these  divisions 
dnw  perpendicular  lines  through  the  eleven  parallels  to  the  hne  c  f  ;  sub- 
divide the  first  of  these  divisions  a  b  and  c  d  into  ten  equal  parts,  and  from 
the  point  c  to  the  first  divirion  in  the  line  a  b,  draw  a  dia^nal  right  line, 
and  lines  parallel  to  this  through  each  succeeding  subdivision ;  uien  will 
each  di^onal  line,  in  passing  from  the  line  b  a  to  d  c,  be  one-tenth  of  the 
subdivisions  further  from  the  line  d  b,  at  the  points  where  they  intersect 
each  succeeding  parallel  from  a  a  to  d  c,  that  is,  one  hundredth  of  the 
l*Wr  divisions,  by  which  means  it  is  divided  into  one  hundred  equal  parte. 
If,  therefore,  the  lai^r  divisions  be  accounted  as  units,  the  first  sub- 
divisioss  will  be  tenths,  and  the  second,  marked  by  the  diagonals  upon  the 
parallels,  hundredth  parts ;  but  if  we  suppose  each  of  the  laiger  divisions 
to  tepresent  ten,  then  the  first  subdivisions  will  be  units,  and  the  second 
tenttu ;  or  if  the  larger  divisions  be  hundreds,  then  will  the  first  subdivisions 
be  tens,  and  the  second  units ;  so  that  the  value  of  the  subdiviraons  depends 
™  that  of  the  larger  divisions. 

The  munbers  376,  87. 6,  3.  76,  may  therefore  all  be  expressed  by  the 
■>Q>e  extent  of  the  compaases :  thus,  setting  gne  foot  in  the  line  marked  3 
cf  the  larger  divisions,  on  the  sixth  parallel,  and  extending  the  other  along 
the  same  parallel  to  the  seventh  diagonal,  that  distance  will  be  the  extent 
'Quired ;  for  if  the  three  lai^r  divisions  be  taken  for  SOO,  seven  of  the 
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FRACTtCAL  OBOHKTBV. 


PROBLEM  VIL 
To  dMde  a  Cirvfo  a  b  c  d  mto  two,  four,  agMy 
equal  ParU. 

Draw  »  dUmelei  ab,  and  it  will  divide 
the  dicle  into  two  eqosl  parts;  fiom  the 
points  A  and  b  describe  tbearcbea  ate  and  d; 
a  line  drawn  throuah  these  will  divide  the 
circle  into  four  equal  parts;  then  bisect  the 
arches  a  c,  c  b,  &c.  by  the  last  problem,  and 
the  circle  will  be  divided  into  dght  equal  A 
parts,  and  so  on  by  continual  bisections. 

This  problem  u  luefiil  in  constructiog 
the  Mariner's  Compass. 


PROBLEM  VIII. 


HatMUt  Airtff-lwot  ^ 


.-^ 


V- 


T\)  draw  the  Circumjinvnce  of  a  Ctrds  tkrougk  anjf  tkree  gioen 
Points  A,  B,  c,  not  situate  tn  a  right  Line. 

Draw  lines  joining  a  b  and  b  c,  and  bisect 
tibem  by  lines  meeting  in  o,  as  directed  in 
Problem  I. ;  then  fi^  o,  at  the  distance  of 
any  one  of  the  points,  as  u  a,  describe  a  / 
ciide,   and  it  will  pass  through  the  other  ', 
points  B  and  c,  as  required. 

In  tiiis  manner  the  centre  of  a  circle  may 
be  foimd ;  for,  taking  any  three  points  in  the 
circumference,  and  proceeding  as  before 
directed,  the  lines  meeting  at  o  will  give  the 
centre  required. 

PROBLEM  IX. 

To  divide  a  given  Line  a  b  into  any  proposed  Number  of  equal  ParU. 

Let  it  be  required  to  divide  the  line  a  b 
into  seven  equal  parts;  &om  one  end  a,  of  the 
^ven  line  a  b,  axarn  a  right  line  a  c,  makind 
any  angle  widi  a  b,  and  from  the  other  end 
B  draw  a  line  B  D  parallel  to  a  c;  on  each  of 
the  lines  a  c,  b  d,  beginning  at  a  and  b,  set 
off  as  many  equal  parte  as  a  h  is  to  be 
divided  into,  vix.  seven;  then  lines  drawn 
ttam  A  to  7,  1  to  6,  2  to  5,  S  to  4,  &c.  will  ° 
divide  the  given  line  mto  seven  equal  parts. 
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PROBLEM  X. 

To  construct  Scales  of  equal  ParU. 

The  >im[dest  scale  of  equal  parts  is  made  by  drawing  a  strait  line,  and 
diTiding  it  with  a  pair  of  compasses  into  as  many  primary  divisions  as  cod- 
renient,  which,  if  tne  line  be  m  a  definite  length,  may  be  done  by  Prob.  IX., 
■nd  subdividing  one  of  these  decimally,  or  into  ten  equal  parts ;  then  each 
of  the  former  mav  represent  10  units,  as  leagues,  mues,  &c.,  and  in  ^at 
case  the  latter  will  represent  one  of  these  units :  or  if  the  larger  divisions 
be  supposed  to  be  100,  then  the  subdiTisiona  will  be  tens,  and  so  on. 
Siqipote,  for  example,  it  were  required  to  set  off  from  the  Scale  S5  or  S50 : 
set  me  foot  of  a  pair  of  compasses  on  2  among  the  primary  divinons,  and 
the  other  on  the  5th  subdivision ;  then  this  extent  inll  represent  25  or  950 
mites,  leagues,  or  any  other  measure  of  length,  as  may  be  required. 

There  are  frequendy  several  of  these  scales  drawn  parallel  to  each  other, 
of  different  lengths,  on  a  flat  rule,  (as  Fig.  1,  Plate  I.);  they  are  divided 
into  as  many  equal  parts  as  the  length  of  Uie  rule  will  admit ;  the  numbers 
^aced  on  uie  left  hand  shewing  now  many  parts  in  an  inch  each  scale  is 
mvided  into.  These  scales  are  sometimes  subdivided  duodecimaliy,to  adapt 
them  to  feet  and  inches  when  used  in  Mensuration ;  or  sexagesimaUy,  to 
represent  degrees  and  miles  on  Maps  and  Charts. 

But  the  most  correct  scale  of  equal  parts  is  the  diagonal  scale 
(Pig.  ^  Plate  I.),  the  larger  divisions  of  which  are  commonly  an  inch  or 
half  as  inch,  and  sometimes  a  quarter  of  an  inch,  subdivided  into  one 
hundred  equal  pvts.  To  construct  this  scale,  draw  eleven  equidistant 
parallel  lines ;  mvide  the  upper  of  these  lines  a  e  into  such  a  number  of 
equal  puts  as  the  acale  is  intended  to  contain ;  from  each  of  these  divisions 
^w  perpendicular  lines  through  the  eleven  parallels  to  the  line  c  f  ;  sub- 
divide  the  first  of  these  divisions  a  b  and  c  n  into  ten  equal  parts,  and  &om 
the  mint  c  to  the  first  division  in  the  line  a  a,  draw  a  diagonal  right  line, 
and  lines  parallel  to  this  through  each  succeeding  subdivision ;  l£en  will 
each  dii^nal  line,  in  passing  from  the  line  b  a  to  n  c,  be  one-tenth  of  the 
subdivisions  further  ftom  the  line  t>  b,  at  &e  points  where  Uiey  intersect 
e«ch  succeeding  parallel  from  b  a  to  d  c,  that  is,  one  hundredth  of  the 
I«Wr  divisions,  by  which  means  it  is  divided  into  one  hundred  equal  parts. 
_  If,  therefore,  the  lat^r  divisions  be  accounted  as  uniu,  the  first  sub- 
dmrions  will  be  tenths,  and  the  second,  marked  by  the  diagonals  upon  the 
panllels,  hundredth  parts ;  but  if  we  suppose  each  of  die  larger  divisions 
to  represent  ten,  then  the  first  subdivisions  will  be  unite,  and  the  second 
tenths ;  or  if  the  larger  divisions  be  hundreds,  then  will  the  first  subdivisions 
uc  tens,  and  the  second  units ;  so  that  the  value  of  the  subdiviaons  depends 
"f  that  of  the  la^r  divisions. 

^be  numbers  376,  37.  6,  3. 76,  may  therefore  all  be  expressed  by  the 
**ioe  extent  of  the  compasses :  thus,  setting  gne  foot  in  the  line  marked  3 
of  the  larger  divisions,  on  the  sixth  parallel,  and  extending  the  other  along 
the  same  parallel  to  the  seventh  diagonal,  that  dbtance  will  be  the  extent 
'^ired  i  for  if  the  three  larger  divisions  be  taken  for  300,  seven  of  the 


):,GoogIc 


PRACTICAL  OBOHXTIV. 


PROBLEM  VII. 

To  divide  a  Cirele  a  b  c  o  into  two,  fm^,  eight,  awfwn,  thirlf-two,  ^o. 

equal  Parte. 

Dntw  a  duuneter  ab,  and  it  will  divide  r- 

the  dide  into  two  equal  parte;  &om  the 
points  A  and  b  describe  tbe  arches  ate  and  d; 
a  line  drawn  tbrouffh  these  will  divide  the 
drde  into  four  equal  parts;  then  bisect  the  ^. 
archea  a  c,  c  b,  &c.  by  the  laat  problem,  and 
the  ciide  will  be  divided  into  eight  equal  A 
parts,  and  so  on  by  continual  bisections. 

This  problem  u  useful  in  constructiiig 
the  Mariner's  Compass. 


PROBLEM  Vin. 

To  draw  the  dreumference  of  a  Circle  through  ang  three  gioen 

Pointt  A,  B,  c,  not  situated  in  a  ri^U  Line. 

Draw  lines  joining  a  b  and  b  c,  and  bisect 
them  by  lines  meeting  in  o,  as  directed  in 
Problem  I. ;  then  from  o,  at  the  distance  of 
any  one  of  the  points,  as  u  a,  describe  a 
cime,  and  it  will  pass  through  the  other 
points  b  and  c,  as  required. 

In  this  manner  the  centre  of  a  circle  may 
be  found ;  for,  taking  any  three  points  in  the 
circumference,  and  proceeding  as  before 
directed,  the  lines  meeUng  at  o  will  give  the 
centre  required. 

PROBLEM  IX. 
B  into  any  proposed  Number  of  equal  Parts. 


To  divide  a  given  Line  j 

Let  it  be  required  to  divide  die  line  a  b 
into  seven  equal  Darts;  fromoneend  a,  ofthe 
^ven  line  a  b,  maw  a  right  line  a  c,  makind 
any  angle  with  a  b,  and  from  the  other  end 
B  draw  a  line  b  d  parallel  to  a  c;  on  each  of  ^  ,\ 
the  lines  a  c,  b  d,  beginning  at  a  and  b,  set  ^p"^ 
off  as  many  equal  parts  as  a  B  is  to  be 
divided  into,  vix.  seven;  then  lines  drawn 
from  A  to  7,  1  to  6,  2  to  5,  8  to  4,  he.  will 
divide  the  given  line  into  seven  equal  parts. 


b,  Google 


FSACTICAt   GK01IKT1.T. 


PROBLEM  X. 

To  (xmatrttct  Scales  ofequat  Parit. 

The  ramjdeet  scale  of  equal  parts  is  made  by  drawing  a  strait  line,  and 
dividing  it  with  a  pair  of  compaWs  into  as  many  primary  dirisionB  as  con- 
Tcnient,  whidi.if  tne  line  be  (n  a  definite  length,  may  be  done  by  Prob.  IX., 
and  subdividing  one  of  these  decimally,  or  into  ten  equal  parts ;  then  each 
of  the  former  may  represent  10  units,  as  le^ues,  miles,  kc,  and  in  that 
case  the  latter  will  represent  one  of  these  unite :  or  if  the  larger  divisions 
be  supposed  to  be  100,  then  the  subdivisions  will  be  tens,  and  so  on. 
Siq^pose,  for  example,  it  were  required  to  set  off  from  the  Scale  S5  or  £50 : 
set  one  foot  of  a  pair  of  compasses  on  S  among  the  primary  divisions,  and 
the  other  on  the  5th  subdivision ;  then  this  extent  will  represent  25  or  250 
miles,  leagues,  or  any  other  measure  of  length,  as  may  be  required. 

ThCTe  are  frequently  several  of  these  scdes  drawn  parallel  to  each  other, 
of  different  lengths,  on  a  flat  rule,  (as  Fig.  1,  Plate  1.);  they  are  divided 
mto  as  many  equal  parts  as  the  length  of  the  rule  will  admit ;  the  numbers 

5 laced  on  the  left  hand  shewing  how  many  parts  in  an  inch  each  scale  is 
ivided  into.  These  scales  are  sometimes  subdivided  duode<nmally,to  adapt 
them  to  feet  and  incdies  when  used  in  Mensuration ;  or  sezagesunally,  to 
represent  degrees  and  miles  on  Maps  and  Charts. 

But  the  most  correct  scale  of  equal  parts  is  the  diagonal  scale 
(^K-  S,  Plate  I.),  the  larger  divisions  of  which  are  commonly  an  inch  or 
half  an  inch,  and  sometimes  a  quarter  of  an  inch,  subdivided  into  one 
hundred  equal  puts.  To  construct  this  scale,  draw  eleven  equidistant 
parallel  lines ;  mvide  the  upper  of  these  lines  a  e  into  such  a  number  of 
equal  parts  as  the  scale  is  intended  to  conttun ;  from  each  of  these  divisions 
mw  perpendicular  lines  through  the  eleven  parallels  to  the  line  c  f  ;  sub- 
divide the  6r8t  of  these  divisions  a  b  and  c  d  into  ten  equal  parts,  and  from 
the  point  c  to  the  first  division  in  the  line  a  b,  draw  a  ^a^nal  right  line, 
u)d  lines  parallel  to  this  throiwh  each  succeeding  subdivision ;  then  will 
eadi  di^nal  Une,  in  passing  from  the  line  b  a  to  d  c,  be  one-tenth  of  the 
subdivisions  further  from  the  line  n  b,  at  the  points  where  they  intersect 
each  succeeding  parallel  from  a  a  to  d  c,  that  is,  one  hundredth  of  the 
la^er  divimons,  1^  which  means  it  is  divided  into  one  hundred  equal  parts. 
If,  therefore,  the  larger  divisions  be  accounted  as  imits,  the  first  sub- 
divisions will  be  tenths,  and  the  second,  marked  by  the  diagonals  upon  the 
parallels,  hundredth  parts ;  but  if  we  suppose  each  of  the  larger  divisions 
to  lepiesent  ten,  then  the  first  subdivisions  will  be  units,  and  the  second 
tenths ;  or  if  the  larger  divisions  be  hundreds,  then  will  the  first  subdivisions 
be  tens,  and  the  second  units ;  so  that  the  value  of  the  subdivisions  depends 
<in  that  of  the  larger  divisions. 

The  numbers  376,  37. 6,  3.  76,  may  therefore  all  be  expressed  by  the 
same  extent  of  the  compasses :  thus,  setting  qne  foot  in  the  line  marked  3 
of  the  larger  divisions,  on  the  sixth  paraUel,  and  extending  the  other  along 
the  same  parallel  to  the  seventh  diagonal,  that  distance  will  be  the  extent 
required ;  for  if  the  three  Urger  divisions  be  taken  for  300,  aeven  of  tlie 
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fint  subdivuioiu  will  be  70,  which,  upon  the  oxth  panlld, 

of  the  second  sabdiviaioiu  fw  units,  make  the  whole  nmnber  876^ 

the  three  larger  divitiom  be  taken  for  30,  seven  oi  the  first  sab<fi 

will  be  seven  units,  and  the  six  subdiTisioQs,  upon  the  sixth  parallel,  wOl 

be  six-tenths  of  a  unit :  lastly,  if  three  lai^er  divisicns  be  eateened  m  anly 

3,  then  will  the  first  lubdiTisions  be  seven-tMiths,  and  the  six  otf^ni  ml^ 

divisioni  be  the  iiz-hundredth  puts  of  a  nniL 

PROBLEM  XI. 
TV  eonatrwa  lAnet  of  Chord*,  Smes,  4^ 

Describe  a  semicircle  a  d  b  with  any  convenient  radioB  (Fig.  S,  Plate  I.), 
and  upon  the  centre  c  erect  the  perpendicular  c  d,  continued  at  pleasure 
to  F ;  through  b  draw  s  e  paialled  to  c  F,  and  draw  the  right  linea  a  d  and 
D  B.  Divide  the  quadrant  d  b  into  9  equal  parts,  and  vitn  one  foot  of  the 
compasses  in  b  ana  the  distances  b  10,  b  20,  &c.  transfer  them  to  the  r^t 
line  B  D,  which  will  be  a  Line  of  Chords. 

Divide  the  quadrant  a  d  into  8  equal  parts,  and  with  one  foot  at  the 
compasses  in  a,  and  the  distance  a  1,  a  S,  &c.  transfer  them  to  the  right 
line  A  D,  and  it  will  be  a  Line  of  Rhdubs,  contuning  eight  points  o£  the 
compass. 

From  the  points  10,  SO,  30,  &c.  in  the  arch  b  d,  draw  lines  parallel  to 
n  c,  which  wUl  divide  the  radius  c  b  into  a  Line  o^  Sines,  reckoning  tron 
c  to  fi,  or  of  VEKSKD  Sines,  if  it  be  numbered  from  b  to  c;  which  maybe 
continued  to  180,  if  the  same  divisions  be  transferred  to  the  line  c  a,  the 
other  half  of  the  diameter. 

From  the  centre  c  draw  right  lines  through  the  sevaal  divisions  ot  the 
quadrant  d  b,  until  they  cut  the  line  B  s,  which  will  become  a  Li^ie  o^ 
Tangents.* 

Transfer  the  distances  between  the  centre  c  and  the  divisions  on  the 
line  of  tangents,  to  the  line  n  F,  and  these  will  ^ve  the  divisions  of  the 
Line  of  Secants,  which  roust  be  numbered  from  n  towards  f. 

From  A  draw  right  lines  through  the  several  diviuons  of  the  arch  b  Bi 
and  they  will  divide  the  radius  c  d  into  a  Line  of  Seui-tangents,  whicb 
are  to  be  marked  with  the  corresponding  figures  of  the  arch  d  b. 

Divide  the  radius  a  c  into  6  equal  parts  i  through  each  of  these  draw 
lines  parallel  to  c  n,  intersecting  the  arch  a  d  ;  then,  with  one  foot  of  Ihe 
compasses  in  a,  and  the  distances  of  the  arch  a  60,  a  40,  &c,  transfer 
these  to  the  right  line  a  d,  and  it  wiU  give  the  divisions  of  the  Line  of 
Longitude. 

If  this  line  be  laid  upon  the  scale  dose  to  the  line  of  chords,  so  that  60  ob 
the  line  of  lon^^tude  be  opposite  o  on  the  chords,  and  any  d^ree  of  la^tude 
be  counted  on  the  chonu,  there  will  stand  opposite  to  it,  on  the  liite  n 
longitude,  the  miles  contained  in  one  degree  of  longitude  in  that  latitude! 
the  measure  of  a  degree  at  the  Equator  being  60  miles. 

*  From  the  coaatrtiGtion  of  the  linei  ol 
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Tn  the  figure  the  divisioiis  are  ^ven  only  to  every  tenth  degree,  and 
each  point  a£  the  compass,  which  is  suificient  to  explain  the  method  of 
Construcbon ;  but  in  Figure  4,  these  lines  are  graduated  to  degrees,  and 
the  thumbs  to  quarters,  and  placed  parallel,  as  exhibited  on  one  side  of  a 
fiat  rule,  which,  with  the  scale  of  equal  parts  on  the  other  dde,  constitutei 
the  instroment  called  a  Plame  Scale. 

Beodes  the  lines  already  mentioned,  there  are  frequently  on  the  Plane 
Scale  a  line  of  leagues,  and  a  few  other  lines,  which  are  only  so  many 
Kales  of  equ«l  parts,  each  having  the  equal  divisions  of  difierent  lengths, 
&n  the  mote  readily  laying  down  unes  and  figures  a(  dissent  lengths  and 
magnitudes. 

PROBLEM  XH. 

n  make  on  Angle  that  shall  amtain  any  propoaed  Number 

of  Degrees. 

Cask  lat.  When  the  given  an^  is  right, 
that  is,  contains  90  d^rees. 

Draw  the  line  a  b,  and  from  the  scale  take  the 
extent  of  the  chord  of  60  degrees  in  the  com- 
passes ;  then  set  one  foot  of  the  compasses  in  a, 
and  with  the  other  describe  the  arch  e  o,  and  set 
off  thereon,  fiom  e  to  d,  the  distance  of  the  chord 
of  90° ;  through  a  and  s  draw  the  right  line  a  c, 
then  will  the  angle  b  a  c  be  a  right  angle.  By  this 
method  a  perpendicular  may  easily  be  raised  on  a 
(fiven  line,  since  the  angle  formed  by  one  line  that 
IB  perpendicnlar  to  another,  is  always  a  rieht  angle. 

Cask  Sd.  When  the  angle  is  to  Be  acute; 
toTOose  one  that  shall  contain  48  degrees. 

Draw  the  line  a  b,  and  with  one  foot  of  the 
compasses  in  a  (the  chord  of  60  degrees  being 
taken  as  before),  draw  the  arch  x  n,  on  which  set 
off  48  dwrees  from  e  to  d  ;  through  a  and  n 
draw  the  ngbt  line  a  c  ;  then  will  the  angle  b  a  c 
be  made,  containing  48  d^rees,  as  was  required. 

Case  ild.  When  the  aiu;le  is  to  be 
obtuse ;  suppose  one  that  shall  contain 
126°  30". 

Draw  A  B,  and  from  the  point  a, 
with  the  chord  of  60°,  as  before,  draw 
the  arch  d  e,  and,  as  the  divisions  on 
the  scale  extend  no  further  than  90°, 
fint  set  off  90°  from  e  to  f  ;  then  set 
off  the  remunder,  or  excess  above  90°, 
that  is,  36°  30*,  fiwm  f  to  o ;  tbroush 
A  and  D  draw  the  line  ac,  and  £e 
angle  »  a  c  will  contain  186^  SO". 
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PaOBLEM  XIIL 

To  meaattre  a  gnen  An^  s  a  c. 

With  COG  foot  of  the  compaaws  in  the  aonihnr  jmint,  kod  with  die  chad 
ef  60  demeB,  deicribe  the  aich  d  k  (aee  uie  Ftguiea  in  ProUem  XII.) 
cutting  the  len  in  n  and  e  ;  then  the  diatance  n  k  u>|£Gd  to  the  hne  tt 
flfaoide,  ftom  me  b^^inning,  will  abew  the  meanne  of  uie  angle  bac,  if  it 
oontain  less  than  90  degrees ;  but  when  the  srdi  ezcecde  that  quaatitf, 
t^  90  decrees  from  the  line  of  chords,  and  set  it  (^  from  e  to  p ;  tbm 
Bteuure  the  excess  o  f,  and  their  sum  will  gire  the  meaaine  of  the  angis 
leqmied. 

The  construdion  of  triangles  will  be  explained  in  Trigonometry ;  but 
befine  the  learner  besin  that  subject,  we  would  reconmiend  him,  if  be 
have  time,  to  *tui(hr  me  use  of  Gunter^s  Scales  and  the  Sector,  as  tboe 
instruments  will  afiord  him  easy,  elegant,  and  Gondae  methods  of  resolnif 


DESCRIPTION  AND  USE  OF  GUNTER'S 
SCALES. 


OF  THE  COMMON  OUNTEB. 

This  instrument  is  a  6at  rule,  usually  two  feet  in  length,  and  about  so 
inch  and  a  half  broad,  having  on  one  ride  equal  parts,  riiumbs,  chords,  &c- 
as  on  the  Plane  Scale ;  and  on  the  other  the  logarithms  of  these  numben : 
hence  the  lines  on  this  side  are  called  logarithmic  lines.  They  «ete 
invented  by  Mr.  Edmund  Guoter,  who  apphed  the  lc«arithms  of  numba^ 
and  of  sines  and  tangents,  to  strut  lines,  by  taking  the  lengths  expreswd 
by  the  figures  in  those  logarithms  from  a  scale  of  equal  parts,  and  apidyiog 
them  to  lines,  as  laid  down  on  the  Rule. 

Ob  the  logarithmic  side  of  the  common  Ganter  are  the  e^ht  foDowing 
linei: 

1.  A  Line  of  Sine  Rhumbs,  marked  s.  k.,  which  contuns  the  Ic^^tbm* 
of  the  natund  rines  of  every  point  and  quarter  point  of  the  compu*) 
numbered  from  the  left  hand  towards  the  right,  with  I,  2,  3,  i,  5,  6,  7i^ 
where  a  brass  pin  is  fixed. 

2.  A  Line  of  Tangent  Rhumbs,  marked  t.  k.,  corresponding  to  the 
kttarithms  of  the  tangent  of  every  point  and  quarter  point  of  the  conpu*- 
This  line  is  numbered  1,  2,  9,  4,  from  left  to  right,  and  back  again  with 
6,  6,  7,  &<Hn  the  right  towards  the  left.  To  tal^  off  any  number  of  poinU 
fcdow  i,  we  must  reckon  from  the  1  towards  the  right  hand ;  but  soy 
numba  of  pointe  above  4  we  count  towards  the  left  hand. 

S.  A  Line  of  Numbers,  marked  num.,  on  which  most  of  Uie  otheis 
depend,  contains  the  logarithms  of  numbers,  and  is  figured  from  the  kn 
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hmd  of  the  scale  tovnrdfl  tfaer^t  to  1  orlO,  near  the  middle  of  the  scale; 
these  dinsions  uc  subdinded  iato  ten  unecjual  parta,  and  these  agun  into 
ten,  five,  or  tvo  parts,  as  room  will  permit :  the  whole  of  these  divisions 
and  lubdiTinoiu  are  repeated  from  tae  middle  towards  tbe  ligbt  band, 
bong  exactly  of  the  same  lengths,  but  ten  times  the  value  of  the  eont- 
iponding  nnndwn  in  tbe  first  part. 

If  tb«  1  at  ^  bagnming  of  tbe  tine  represent  1  unit,  die  next  primsiy 
dirisiga,  mailted  %  will  represent  it  nnits,  and  the  middle  1  will  be  10,  tite 
Mowii^  !t  will  be  20,  the  3  wiU  stand  fcr  90,  and  so  on,  the  10  at  the 
lidn  bud  Tepresentiiv  100.  If  the  left  hand  1  stands  for  10,  then  tbe  8 
«Q1  stand  for  itO,  the  3  for  30,  the  middle  1  for  100,  tbe  foUowmg  S  for 
900,  sod  tba  10  on  the  i^  hand  for  1000;  in  like  manner,  if  the  first 
1  be  esteemed  1  tenth,  the  next  following  S  will  be  S  tenths,  the  middle  1 
will  be  1  unit,  the  next  2  iriQ  be  2  units,  and  the  10  at  the  end  wiU  be  10 
nnits.  Asun,  if  the  first  1  be  counted  1  hundredth  part,  tbe  next  S  will 
be  2  hun&edth  parts,  the  middle  1  wiU  stand  fat  10  hundredth  parts,  or 
1  tenth,  the  next  2  for  St  tenths,  and  the  10  at  the  end  will  stand  for 

1  unit,  w  whole  number. 

It  is  manifest  that  tbe  value  of  the  eubdiviaons  must  depend  on  that  of 
the  primary  divimons ;  for,  suppose  tbe  first  1  at  the  left  buid  be  reckoned 
for  1  imit,  then  the  first  following  principal  subdlvinon  will  be  1  tenth,  die 
second  2  tenths,  and  so  on  to  the  next  primary  divinon,  which  will  represent 

2  units ;  reckoning  on  in  the  same  manner  till  you  come  to  the  middle  1, 
which  will  represent  10,  Uien  the  next  following  principal  subdivision  wiU 
be  11,  the  next  12,  where  a  brass  pin  is  fixed ;  the  next  primary  divinon 
90,  and  so  on  to  100 :  and  in  the  same  way  will  the  snuJler  subdivinons 
be  valued. 

As  this  line  is  of  ffreat  imp<mance,  we  shall  add  a  few  examples,  to  render 
whst  has  been  sud  uie  more  dear..  Suppose  the  point  representing  26  be 
raquiied : — the  primary  division  2  on  either  half  is  to  be  reckoned  for  90 ; 
Aen  counting  forwards  to  the  right,  to  the  fifth  prinripal  subdivinon,  that 
ptnnt  win  represent  25,  or  250,  or  2500,  Etc  Again,  let  die  ptrint 
representing  146  be  required  Here  die  1  at  the  b^nniiig,  or  in  the 
middle,  may  be  esteemed  100,  die  fourth  prindpal  subdivision  on  tbe  right 
win  then  be  140,  and  because  die  interval  between  140  and  150  is  divided 
into  5  parts,.ead]  wiQ  be  valued  as  2;  therefore,  counting  forwards  S  of 
these  latter  subdivisions,  that  point  will  represent  146. 

Once  more ;  suppose  the  place  of  1 785  be  required : — tbe  one  at  tbe 
banning  or  middle  is  to  be  taken  as  1000,  the  seventh  following  principal 
Bubdivision  will  be  1700;  die  fourdi  following  smaller  subdivision  wiD  be 
17S0,  and  the  fourth  part  of  the  next  smaller  subdivinon  will  be  tbe  point 
Rptnenting  1785. 

4.  J  Line  of  Sines,  marked  sin.,  b^inning  at  the  left  hand,  md 
nnmbered  townds  die  right  at  each  d^ree  as  far  as  10,  and  llien  at  eadi 
10th  d^ree  to  90:  the  subAvisions  under  10  degrees  an  usually  10 
niinntes ;  trma  10  to  20  each  is  a  quarter  of  a  d^ree ;  from  20  to  40  eac^ 
is  half  adc^ree;  from  40  to  80  each  is  1  d^ree;  and  firtHn  80  to  90 
each  is  6  degrees. 
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5.  A  Line  of  Versed  Sine;  muied  v.  s. :  it  b  numbered  from  die  rigb 
towu^  the  left,  at  each  10th  degree  »  ftr  as  160;  the  nitMliTisioiu  from 
30  to  90  are  oBually  each  two  degrees ;  from  90  to  140  case  degree ;  aod 
&<»a  140  to  the  end  half  a  d^i;ree. 

6.  A  Line  of  Tangents,  marked  tan.  :  it  is  numbered  from  the  left 
hand  towaids  the  right  as  far  as  45  df^rees,  which  is  equal  to  radius,  or 
the  sine  of  90  degrees ;  and,  since  the  log.  tangent  of  an  arch  above  46 
degrees  is  the  arithmetical  complement  of  the  tangent  of  an  arch  as  mud 
leas  than  46  degrees,  the  same  division  represents  40  or  50  degrees,  30  and 
60,  and  so  on ;  fiir  if  the  line  of  tangents  were  continued  beyond  45  on  (be 
right,  the  divisions  would  be  exactly  the  same  length,  only  rereTsing  die 
order:  therefore,  instead  of  such  continuation,  it  is  more  convenient  ts 
reckon  the  degrees  above  45  backwards,  or  from  right  to  left,  observing  it 
the  same  time  that  the  decrees  above  45  are  to  be  supposed,  when  uu^ 
the  line,  increasing  towards  the  right  hand,  as  in  the  other  parts  of  the  line. 

The  suhdivinons  on  this  line  are  nearly  the  same  as  on  the  line  of  sinesi 
indeed  these,  as  well  as  the  other  tines,  are  variously  subdivided  on  difeent 
scales,  according  to  die  accuracy  and  goodness  of  the  instrument. 

7-  A  Line  of  Meridional  Parts,  marked  Meb.,  reckoned  from  ri^l  lo 
left,  each  la^er  division  representing  10  degrees,  and  the  smaller  eaA 
1  degree,  or  60  meridional  miles. 

6.  A  Line  of  equal  Parts,  marked  e.  p.,  numbered  from  right  to  left, 
each  large  division  representing  10  decrees  of  the  equator,  or  600  miles. 
The  first  of  these  divisions  is  sometimes  divided  into  10  equal  ports,  eaA 
iM^esentii^  a  degree,  or  60  miles,  and  these  again  into  halres  or  quarten 
of  30  or  Ifi  miles  each. 

USB  OF  THE  LINE  OF  NUMBERS. 

Multiplication  is  performed  on  this  line  by  extending  the  compasses 
from  1  to  dther  of  the  factors*,  and  that  extent  will  reach  from  the  other 
factor  to  the  product 

Suppose,  for  example,  it  were  required  to  find  the  product  of  16  multi- 
plied by  5 :  set  one  foot  of  the  compasses  in  1 ,  and  the  other  in  5*  tha 
that  extent  wiU  reach  from  16  to  80,  the  product  required. 

When  the  product  contains  four  figures,  the  fourth  cannot  be  *(^ 
ascertained  by  the  scale,  but  it  may  be  easily  found  by  multiplying  the  umt 
figures  of  the  factors,  and  the  unit  figure  of  thtar  product  will  be  that  of 
the  product  required.  For  example,  suppose  it  were  required  to  find  tbe 
product  of  3S  by  16;  the  extent  from  1  to  16  will  reach  from  22  to  about 
350,  but  as  the  divisions  are  too  small  to  distinguish  the  last  figure,  there- 
fore multiply  S  by  6,  which  will  give  the  product  H ;  hence  the  product 
required  is  353. 

Division  being  the  reverse  i^  Multiplication,  extend  from  the  tUnsor  to  I, 
and  that  extent  will  reach  from  the  dividend  to  the  quotient 

'  The  factor*  u«  numben  multiplied,  of  wUoh  one  l>  ctlled  the  multipUeF,  and  th*  Ml"'' 

tlie  multiplicutd. 
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Ezuiq>le — IKvitk  80  by.  5.  Extend  from  5  to  1 ,  md  that  extent  will 
Teach  from  80  to  1(),  ^e  quotient  required. 

To  reducea  Vulgar  FrMtton  to  s  Dednuli  extend  &om  the  denoniaator 
to  the  numerator,  ^k1  that  extent  will  reach  frwu  1  to  the  decimal  ^actios 
required. 

Example — Required  the  decimal  fraction  equal  to  }.  Extend  from  4 
to  S,  fna  that  extent  will  reach  the  same  way  from  1  to  .75,  the  dedmal 
required. 

To  perform  the  Rule  of  Three — State  tbe  quesdon  bo  that  the  first  and 
third  terma  may  be  of  the  same  name ;  then  the  fourth  term  will  be  of  the 
same  name  with  the  secondi  and  greater  or  less  than  the  second,  as  the 
third  is  greater  or  less  than  die  first ;  then  extend  the  compaBses  from  the 
first  to  the  third  term,  and  that  ext«nt  will  reach  from  the  second  to  the 
&urth  term. 

Exam^e — If  a  slup  sail  at  the  rate  of.  S6  miles  in  3  hours,  how  many 
miles  will  sbe  sail  in  24  hours  P 

Here,  as  3  hours  is  to  26  miles,  so  is  24  hours  to  the  answer ;  dierefoie, 
extend  from  3  to  24,  and  that  extent  irill  reach  &om  26  to  S08,  the  mile^ 
required. 

To  find  the  area,  or  superfioal  content  of  a  square,  or  rectangle,  extend 
from  1  to  the  breadth,  and  that  extent  will  reach  from  tbe  le^th  to  the 
simerfidal  content. 

Example— Suppose  a  board  or  plank  measure  18  inches  broad,  and  25 
feet  in  length,  required  the  superficial  content. 

Extend  &om  1  to  1. 5,  (—  1  foot  6  inches),  and  that  nctent  wiB  readi 
from  25  feet  to  37-  5,  or  87  feet  6  inches,  the  contents  required. 

To  find  the  solid  contents  of  a  bale,  box,  chest,  S(c.  or  any  other 
rectangular  solid,  extend  from  1  to  the  breadth,  and  &at  extent  will  reach 
from  the  length  to  a  fourth  number ;  then  extend  firam  1  to  the  depths 
and  that  extent  will  reach  from  the  fourth  number  to  the  B<^d  contents. 

Example — Required  the  solid  contents  of  a  box  messoting  3  feet  broad, 
5-  5  feet  long,  and  2  feet  in  depth. 

Extend  from  1  to  3,  and  that  extent  will  reach  from  5. 5  to  16. 5:  then 
extend  from  1  to  2,  and  that  extent  nil  reach  from  16. 5  to  83  feet,  the 
soGd  contents. 

USE  OF  THE  LINES  OF  SINES  AND  TANGENTS. 

These  lines  are  used  with  the  line  of  numbers  in  working  proportions  in 
Trigonometry,  by  the  Rule  above,  as  will  be  fully  exemphfied  when  we 
iKat  on  that  subject. 


USE  OF  THE  LINE  OF  VERSED  SINES. 

This  line  is  used  widi  the  line  of  sines  in  resolving  a  spheiicd  tiian^e 
*ben  the  three  sides  are  given  to  find  the  angles,  or  the  three  angles,  to  find 
">c  rides,  as  will  be  explamed  in  the  methods  of  working  an  azimudi. 


..Cioogic 
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5.  A  Lime  of  Verted  Sine»,  merited  v.  a. :  it  is  numbered  from  &e  ri^ 
tOTBtds  the  left,  at  each  10th  degree  as  far  as  160 ;  the  iubdiTidcKu  firara 
SO  to  90  are  usually  each  tiro  d^^e^  i  ^ni  90  to  140  one  degree ;  and 
fhm  140  to  the  end  half  a  degree. 

6.  J  Line  of  Tangents,  tnarifed  tan.  :  it  is  numbered  {rom  the  left 
hand  towards  the  right  as  fitr  as  46  d^^rees,  which  is  equal  to  radius,  or 
the  sine  oi  90  degrees ;  and,  >iiK«  the  log.  tangent  of  an  aich  above  46 
degrees  is  the  aritbmetica]  complement  of  the  tangent  of  an  arch  as  modi 
less  than  45  d^prees,  the  same  ajrinon  repre§ent§  40  or  50  degrees,  30  and 
60,  and  so  on ;  for  if  the  line  of  tangents  were  continued  beyond  45  oa  die 
right,  the  divisions  would  be  exactly  the  same  length,  only  reversing  the 
order :  therefore,  instead  of  such  continuation,  it  is  more  convenient  to 
reckon  the  d^iees  above  46  backwards,  or  from  right  to  left,  observing  at 
the  same  time  that  the  degieee  above  45  are  to  be  supposed,  when  uoi^ 
the  line,  increasing  towards  tbe  right  hand,  as  in  the  otiier  parts  of  the  line. 

The  subdivisions  on  this  line  are  neariy  the  same  as  on  the  line  of  einea; 
indeed  these,  as  well  aa  tbe  other  lines,  are  variously  subdivided  on  difierent 
scales,  according  to  the  accuracy  and  goodness  of  the  instrument. 

7.  A  Line  of  Meridional  Parts,  marked  Meb.,  reckoned  from  right  to 
left,  each  Ia;^r  division  representing  10  degrees,  and  the  smaller  eacJi 
1  d^iee,  or  60  meridional  miles. 

8.  A  Line  of  equal  Parte,  marked  e.  f.,  numbered  fiom  right  to  left, 
each  huge  division  representing  10  degrees  of  the  equator,  or  600  miles. 
The  first  of  diese  divinons  is  sometimes  divided  into  10  equal  parts,  eadt 
rmiresentiiig  a  degree,  or  60  miles,  and  these  again  into  buves  or  quarten 
01  30  or  15  miles  each. 

USB  OF  THE  LINE  OF  NUMBERS. 

Multiplication  is  performed  on  this  line  by  extending  the  compasses 
from  1  to  rather  of  tne  factors*,  and  that  extent  will  reach  from  the  other 
fiwtor  to  the  product. 

Suppose,  Kir  example,  it  were  required  to  find  tbe  product  of  16  muld- 
phed  by  5 :  set  one  foot  of  the  compasses  in  1,  and  the  odier  in  6,  then 
that  extent  wiU  reach  from  16  to  80,  the  product  required. 

When  the  product  contains  four  figures,  the  fourth  cannot  be  wdl 
ascertained  by  the  scale,  but  it  may  be  easily  found  by  multiplying  the  imit 
figures  of  the  factors,  and  the  unit  figure  of  tbrar  product  wiU  be  that  of 
the  product  required.  For  example,  suppose  it  were  required  to  find  the 
product  of  2S  by  16;  the  extent  from  1  to  16  will  reach  from  2&  to  about 
350,  but  as  the  divisions  arc  too  small  to  distinguish  the  last  figure,  there- 
fore muluply  2  by  6,  which  will  give  the  product  12 ;  hence  the  product 
required  is  362. 

Division  being  the  reverse  of  Multiplication,  extend  from  the  divisor  to  1, 
and  that  extent  will  reach  from  the  dividend  to  the  quotient 

le  li  railed  ilie  multipUer,  mi  the  othra- 
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Exanqile — Divide  80  by  5.  Extend  from  5  to  1,  and  that  extent  will 
reach  ^m  80  to  Ifi,  the  quotient  required. 

To  reduce  a  Vulgar  Fracbon  to  a  Decimal,  extend  (torn  the  denommator 
to  the  numeratw,  xtd  that  extent  viU  reach  from  1  to  the  decimal  fractips 
required. 

Example— Required  the  decimal  fraction  equal  to  J.  Extend  from  i 
to  S,  ^d  that  extent  will  reach  the  same  way  &om  1  to  .IB,  the  dedmal 
required. 

To  perfbnn  the  Rule  of  Three — State  the  queBlaon  so  that  the  first  and 
third  terms  mav  be  of  the  same  name ;  then  the  fourth  term  will  be  of  the 
same  name  with  the  second,  and  greater  or  less  than  the  second,  as  the 
third  is  greater  or  lees  than  the  first;  then  extend  the  compasses  from  th^ 
first  to  uie  third  term,  and  that  extent  will  reach  from  the  second  to  ^e 
finirth  term. 

Example — If  a  ship  sul  at  the  rate  of.  S6  miles  in  3  hours,  how  maoy 
■Diles  will  she  sail  In  34  hours  P 

Here,  as  3  hours  is  to  ^  miles,  so  is  24  hours  to  the  answer ;  therefore, 
extend  from  S  to  Si,  and  that  extent  inll  reach  from  S6  to  S08,  the  mile^ 
required. 

To  find  the  area,  or  superficial  content  of  a  square,  w  rectangle,  extend 
from  1  to  the  breadth,  and  that  extent  wilt  reach  firom  die  length  to  the 
niper6clal  content. 

Example — Suppose  a  board  or  plank  measure  18  inches  broad,  and  S5 
feet  in  length,  leqtiired  the  superficisl  content. 

Extend  from  1  to  1.5,  (=  1  foot  G  inches),  and'thst  extent  viH  reach 
from  25  feet  to  ST-  B,  or  37  feet  6  inches,  the  contents  required. 

To  find  the  solid  contents  of  a  bale,  box,  chest,  Gic.  or  any  -other 
rectanrolar  sohd,  extend  from  1  to  the  breadth,  and  that  extent  will  reach 
&om  the  length  to  a  fourth  number ;  then  extend  from  1  to  tix  depth) 
ind  that  extent  will  reach  from  the  fourth  number  to  the  solid  contents. 

Example— Required  the  solid  contents  of  a  box  mesmring  &  feet  broad, 
B-  5  feet  long,  and  2  feet  in  depth. 

Extend  from  1  to  3,  and  that  extent  will  reach  Stom  5.  S  to  T6. 5;  then 
extend  from  1  to  2,  and  that  extent  will  reach  from  16. 5  to  S3  feet,  the 
sohd  contents. 

USE  OP  THE  LINES  OF  SINES  AND  TANGENTS. 

These  lines  are  used  with  the  line  of  numbers  in  working  proportions  in 
Trigonometry,  b^  the  Rule  above,  as  will  be  fully  exemplified  when  we 
treat  on  that  subject. 


USB  OF  THE  LINE  OF  VERSED  SINES. 

This  line  is  used  with  the  line  of  sines  in  resolving  a  sphenoid  tiiangle 
when  the  three  (ddea  are  raven  to  find  die  angles,  or  l£e  three  angles,  to  find 
the  sides,  as  will  be  explained  in  the  methods  of  working  an  auianth. 
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6,  A  Line  of  Verted  Sinet,  maiked  v.  b.  ;  it  Ib  numbeied  from  the  i^it 
towards  the  left,  at  each  10th  degree  as  far  as  160 ;  the  BubdiviffloiiB  ttan 
itO  to  90  ore  osually  each  two  d^rees ;  from  90  to  140  one  degree ;  sod 
&om  140  to  the  end  half  a  degree. 

6.  A  Line  of  Tangents,  marked  tan.  :  it  is  numbered  from  the  left 
hand  towards  the  right  as  far  as  45  degnea,  which  is  equal  to  radiiu,  or 
the  sine  a!  90  degrees ;  and,  sioce  the  log.  tangent  of  an  arch  above  46 
degreeB  is  the  arithmetical  complement  of  the  tangent  of  &n  arch  as  modi 
less  than  16  degrees,  the  same  division  represents  40  or  50  degrees,  SO  and 
60,  and  so  on ;  for  if  the  line  of  tangents  were  continued  beyond  45  on  tlie 
right,  the  dimions  would  be  exactly  the  same  length,  only  reversiiig  the 
order:  Uierefbre,  instead  of  such  continuation,  it  is  more  oonvement  to 
reckon  the  d^rees  above  45  backwards,  or  from  right  to  left,  observing  at 
the  same  time  that  the  degiees  above  45  are  to  be  supposed,  when  luang 
the  line,  increasing  towards  the  right  hand,  as  in  the  ouier  parts  of  tbe  Iin& 

The  subdivisions  on  this  line  are  neariy  tbe  same  as  on  the  line  of  sines; 
indeed  these,  as  well  as  tbe  other  lines,  are  Tariously  subdivided  on  difierent 
scales,  according  to  tbe  accuracy  and  goodness  of  the  instrument. 

^■  A  Line  of  Meridional  Parte,  marked  Mer.,  reckoned  &om  ri^t  to 
left,  each  la^er  division  repesenting  10  degiees,  and  the  smaller  each 
1  degree,  or  60  meridional  miles. 

8.  A  Line  of  equal  Parts,  marked  E.  p.,  numbered  &om  right  to  left, 
each  la^  division  representing  10  degrees  of  the  equator,  or  600  mtlec. 
Tbe  first  of  these  divisions  is  sometimes  divided  into  10  equal  parts,  each 
r^nresenting  a  d^^ree,  or  60  miles,  and  these  again  into  halves  or  quarten 
of^SO  or  15  miles  each. 

USB  OF  THE  LINE  OF  NUMBERS. 

Multiplication  is  performed  on  this  line  by  extending  tbe  compasses 
from  1  to  either  of  the  factors*,  and  that  extent  will  reac^  from  the  other 
fiwtar  to  the  product 

Suppose,  for  example,  it  were  required  to  find  the  product  ttf  16  mul^ 
plied  by  5 :  set  one  foot  of  the  compasses  in  1,  and  the  other  in  5,  then 
that  extent  will  reach  from  16  to  80,  the  product  reqiured. 

When  the  product  contains  four  figures,  the  fourth  cannot  be  weU 
ascertained  by  the  scale,  but  it  may  be  easily  found  by  multiplying  tbe  unit 
figures  of  the  factors,  and  the  unit  figure  of  their  product  will  be  that  of 
tbe  product  required.  For  example,  suppose  it  were  required  to  find  the 
product  of  SS  by  16;  the  extent  from  1  to  16  will  reach  from  SS  to  about 
aSOy  but  as  the  divisions  arc  too  small  to  distinguish  the  last  figure,  there- 
fore multiply  2  by  6,  which  will  give  the  product  12 ;  hence  the  product 
required  is  352. 

Division  being  the  reverse  <tfMultipUcation,  extend  from  thetUnsor  tol, 
and  that  extent  will  reach  from  the  dividend  to  the  quotient. 
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Eiunple— Divide  80  by  5.  Extend  ftom  5  to  1,  and  that  extent  will 
reach  &om  80  to  1(i,  the  quotient  required. 

To  reduce  a  Vulgar  Fracticn  to  a  Becimal,  extend  firom  the  denomiiutot 
to  the  numerator,  and  that  extent  vill  reach  from  1  to  the  decimal  fractivB 
required. 

£xample — Reqmred  the  decimal  fraction  equal  to  j.  Extend  from  4 
to  8,  via  that  extent  will  reach  the  same  way  from  1  to  .  75,  the  decimal 
required. 

To  perform  the  Rule  of  Three— State  the  question  so  that  the  first  and 
third  tenns  may  be  of  the  same  name  ;  then  the  fourth  term  will  be  of  the 
game  name  with  the  second,  and  greater  or  less  than  the  second,  a§  the 
third  is  greater  or  less  than  the  first ;  then  extend  the  compasses  ^m  thf 
(iiBt  to  the  third  term,  and  that  extent  will  reach  from  the  second  to  the 
fourth  term. 

Ezamjrfe — If  a  ship  sail  at  the  rate  of.  36  miles  in  3  hours,  bow  many 
miles  win  she  sail  In  21  hours  P 

Hoe,  as  3  hours  is  to  26  miles,  so  is  24  hours  to  the  answer ;  Aerefbre, 
extend  from  3  to  ^,  and  that  extent  will  reach  from  26  to  208,  the  milep 
required. 

To  find  the  area,  or  superficial  content  of  a  square,  m  rectan^e,  extend 
from  1  to  the  breadth,  and  that  extent  will  reach  friim  the  length  to  the 
mperfiaal  content. 

Example — Suppose  a  board  or  plank  measure  18  inches  broad,  and  25 
feet  in  Inigth,  required  the  superficial  content. 

Extend  firom  1  to  1. 5,  (=:  1  foot  6  inches),  and  dist  extent  wiQ  reach 
from  25  feet  to  3T  5,  or  S7  feet  6  inches,  the  contents  required. 

To  find  the  solid  contents  of  a  bale,  box,  chest,  &c.  or  any  -other 
rectangular  soUd,  extend  from  1  to  the  breadUi,  and  that  extent  wdl  reach 
from  tne  length  to  a  fourth  number ;  then  extend  from  1  to  the  deptb» 
and  that  extent  will  reach  from  the  fourth  number  to  ihe  stdid  contents. 

Example — Required  the  soUd  contents  of  a  box  miMsnnng  3  feet  broad, 
5. 5  feet  long,  and  2  ^t  in  depth. 

Extend  from  1  to  3,  and  that  extent  will  reach  froih  5. 6  to  16.  S;  &ea 
extend  from  1  to  2,  and  that  extent  wiU  reach  from  16. 5  to  83  feet,  the 
wM  contents. 

USE  OF  THE  LINES  OF  SINES  AND  TANOENTS. 

These  lines  are  used  with  the  line  of  numbers  in  working  proportions  in 
Trigonometry)  by  the  Rule  above,  as  will  be  fully  exemplifiea  when  we 
treat  on  that  subject. 

USE  OF  THE  LINE  OF  VERSED  SINES. 

This  line  is  used  with  the  line  of  sines  in  resolving  a  spheric^  triangle 
vhen  the  three  sides  are  oiven  to  find  the  angles,  or  the  thiee  aisles,  to  find 
the  ades,  as  will  be  explamed  in  the  methods  of  working  an  azintuUi. 
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6.  A  Line  of  Veraed  Sinna,  marked  v.  a. :  it  is  Dumbeied  from  the  t^bt 
towsids  the  left,  at  each  lOth  degree  »  far  as  160 ;  the  ■nbdividoDB  from 
SO  to  90  are  luiially  each  two  degrees ;  from  90  to  140  one  degree ;  and 
frtna  140  to  the  end  half  a  decree. 

6.  A  Line  of  Tangents,  marked  tan.  :  it  is  niunbeted  from  the  left 
hand  towards  uie  right  as  far  as  46  degrees,  which  is  equal  to  radiua,  or 
the  sine  of  90  degrees ;  and,  since  the  log.  tangent  of  an  arch  above  45 
degrees  Lb  the  arithmetical  complement  of  the  tangent  of  an  arch  as  modi 
less  than  45  degrees,  the  same  division  represents  40  or  50  decrees,  SO  and 
60,  and  to  on ;  for  if  the  line  of  tangents  were  continued  beyond  45  on  the 
light,  the  divisions  would  be  exactly  the  same  length,  only  reversing  the 
order :  therefore,  instead  of  such  continuatioD,  it  is  more  omvenient  to 
reckon  the  degrees  above  45  backwards,  or  from  right  to  left,  observing  at 
the  same  time  that  the  degreee  above  45  are  to  be  supposed,  when  unng 
the  line,  increaang  towards  the  right  hand,  as  in  the  omer  parts  of  the  line. 

The  subdivifflons  on  this  line  are  nearly  the  same  as  on  the  line  of  ainea; 
indeed  these,  as  well  as  the  other  lines,  are  variously  subdivided  on  difitacnt 
scales,  according  to  the  accuracy  and  goodness  of  the  instrument. 

7.  A  Line  of  Meridionai  Parts,  marked  Mek.,  reckoned  finm  T%bt  to 
left,  each  larger  ^vision  representing  10  degrees,  asd  the  smaller  eadi 
1  degree,  or  60  meridional  mdes. 

8.  A  Line  of  equal  Parts,  marked  z.  p.,  numbered  from  right  to  left, 
eadi  large  division  representing  10  decrees  of  the  equator,  or  600  miles. 
The  first  of  these  divisions  is  sometimes  divided  into  10  equal  parts,  each 
representing  a  degree,  or  60  miles,  and  these  again  mto  halves  or  quarters 
of  30  or  15  miles  each. 

USE  OF  THE  LINE  OF  NUMBERS. 

Multiplication  is  performed  on  this  tine  by  extending  the  compasses 
from  1  to  ather  of  the  factras*,  and  that  extent  will  reach  from  the  otfan 
^tor  to  the  product. 

Suppose,  Kir  example,  it  were  required  to  iind  the  product  of  16  mulo- 
plied  by  5 :  set  one  foot  of  the  compssges  in  1,  and  the  other  in  5,  then 
that  extent  will  reach  from  16  to  80,  the  product  required. 

When  the  product  cootuns  four  figures,  de  fourth  cannot  be  veQ 
ascertained  by  the  scale,  but  it  may  be  easily  found  by  multiplying  the  unit 
figures  of  the  factors,  and  the  unit  figure  of  thor  product  will  be  that  <rf 
die  product  required.  For  example,  suppose  it  were  required  to  find  the 
product  of  SS  by  16;  the  extent  from  1  to  16  will  reach  frvm  9St  to  about 
it50,  but  as  the  divisions  are  too  small  to  distinguish  the  last  figure,  there- 
fore multiply  2  by  6,  which  will  give  the  product  12;  hence  the  product 
required  is  352. 

Division  being  the  reverse  of  Multiplication,  extend  from  the  divisor  to  1, 
and  that  extent  will  reach  frvm  the  dividend  to  the  quotient 

■  The  facion  ace  muoben  multiplied,  of  wUeli  one  li  called  the  nmltipllff,  awl  the  other 
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Ezsmple — Divide  80  by  5.  Extend  from  5  to  1,  and  thst  extent  will 
reach  from  80  to  1  (!,  the  quotient  required. 

To  reduce  a  Vulgar  FractioD  to  a  Decimal,  extend  from  the  denommator 
to  the  numerator,  and  that  extent  nil  reach  from  I  to  the  decimal  fractipB 
required. 

Example — Kequired  the  decimal  fracdon  equal  to  j.  Extend  from  4 
to  8,  and  that  extent  will  reach  the  same  way  from  1  to  .  15,  the  decimal 
reqmred. 

To  perform  the  Rule  of  Three— State  the  question  so  that  the  first  and 
tlurd  terms  may  be  of  the  same  name  ;  then  the  fourth  term  will  be  of  the 
same  name  witn  the  second,  and  greater  or  less  than  the  second,  as  fh^ 
third  is  neater  or  less  than  the  first ;  then  extend  the  compasses  from  th^ 
firat  to  the  third  term,  and  that  extent  will  reach  frcnn  the  second  to  ^e 
fourth  term. 

Example — If  a  ship  s«l  at  the  ral«  of.  S6  miles  in  3  hours,  how  many 
miles  will  she  sul  in  24  hours  f 

Here,  as  3  hours  is  to  !i6  miles,  so  is  S4  hours  to  the  answer;  liierefore, 
extend  from  3  to  ^,  and  that  extent  will  reach  from  26  to  S08,  the  mil«p 
reomred. 

To  find  the  area,  or  superficiid  content  of  a  square,  at  rectaxij^e,  extend 
from  1  to  the  breadth,  and  that  extent  will  reach  from  the  length  to  the 
superficial  content. 

Example— Suppose  a  board  or  plank  measure  18  inches  broad,  and  25 
feet  in  length,  required  the  superfiaal  content 

Extend  from  1  to  1.  £,  (=  1  foot  6  inches),  and  dist  extent  will  reach 
from  25  feet  to  37-  5,  or  37  feet  6  inches,  the  contents  required. 

To  find  the  solid  contents  of  a  bale,  box,  chest,  &c.  or  any  -other 
rectangular  solid,  extend  from  1  to  the  breadth,  and  that  exteot  wUl  reach 
from  t£e  length  to  a  fourth  number ;  then  extend  from  1  to  the  depths 
and  that  extent  will  reach  from  the  fourth  number  to  (ho  sdid  «otiteots. 

Example— -Kequired  the  solid  contents  cf  a  box  measuring  3  feet  braad, 
5- 5  feet  long,  and  3  f^  in  depth. 

Extend  from  1  to  3,  and  that  extent  will  icadi  from  5.  G  to  16. 5;  dieii 
extend  from  1  to  S,  and  that  extent  will  reach  from  16.  S  to  8S  feet»  the 
mlid  contents. 

USB  OF  THE  LINES  OF  SINES  AND  TANGENTS. 

These  hues  are  used  with  the  line  of  numbers  in  working  proportions  in 
Trigonometry,  b^  the  Kule  above,  as  will  be  fully  exemphfied  when  we 
treat  on  that  subject. 

USE  OF  TBE  LINE  OP  VERSED  SINES. 

This  line  is  used  with  the  line  of  sines  in  resoMng  a  spheral  triangle 
when  the  three  sides  are  given  to  fiod  the  angles,  or  the  thne  aisles,  to  find 
the  udes,  as  will  be  exphuned  in  the  methods  of  working  an  azimuth. 
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5.  A  Line  of  Veraed  Stma,  marked  v.  s. :  it  is  numbrand  from  die  lig^ 
towuds  tlie  left,  at  each  10th  degree  as  far  as  160;  the  subdinsioiu  from 
SO  to  90  are  usually  each  tiro  d^rees ;  &om  90  to  140  me  d^^ree ;  sad 
&0B1 140  (o  the  end  half  a  d^ree. 

6-  A  Line  of  ToTigente,  marked  tan.  :  it  is  numbered  from  the  kA 
hand  towaids  the  right  as  far  as  45  degrees,  which  is  equal  to  nditu,  or 
the  sine  of  90  degree* ;  and,  since  the  log.  tangent  of  an  arch  above  4S 
degrees  is  the  arithmetical  complement  ot  the  tangent  of  an  aich  ae  modi 
less  than  46  degrees,  the  same  division  represents  40  or  50  d^iees,  30  and 
60,  and  ao  on ;  for  if  the  line  of  tuigents  were  ctmUnued  bejrond  45  on  the 
light,  the  divisions  vould  be  exactly  the  same  length,  only  reversii^  the 
order:  therefore,  instead  c^  such  continuation,  it  is  more  omirement  to 
reckon  the  degrees  above  45  backwards,  or  from  right  to  left,  observing  at 
the  same  time  that  the  du^iees  above  45  are  to  be  supposed,  when  uug 
the  line,  increasing  towaros  the  right  hand,  as  in  the  otiier  parts  of  the  line. 

The  subdivisions  on  this  line  are  nearly  the  same  as  on  the  line  of  rinea; 
indeed  these,  as  well  as  the  other  lines,  are  variously  subdivided  on  diffisent 
scales,  according  to  the  accuracy  and  goodness  of  the  instrument 

7.  A  Line  of  Meridional  Parts,  marked  Meb.,  reckoned  from  right  to 
left,  each  lamer  division  representing  10  degrees,  and  the  smaller  eadi 
1  d^pree,  or  60  meridional  miles. 

8.  A  Line  of  equal  ParU,  marked  e.  p.,  numbered  firom  right  to  left, 
each  large  diviraon  representing  10  degrees  of  the  equator,  or  600  miles. 
The  first  of  these  (Uviraons  is  someUmes  divided  into  10  equal  parts,  each 
representing  a  degree,  or  60  milee,  and  these  again  into  huves  or  quarters 
of  SO  or  15  miles  each. 

USE  OF  THE  LINE  OP  NUMBERS. 

Multiplication  is  performed  on  Uiis  line  by  extending  the  compasses 
from  1  to  either  of  toe  factors*,  and  that  extent  will  reach  from  the  oth»' 
factor  to  the  product 

Suppose,  ^r  example,  it  were  required  to  find  the  product  of  16  mulo- 
plied  by  5 :  set  one  foot  of  the  compasses  in  I,  and  the  other  in  5,  then 
that  extent  will  reach  frDQi  16  to  80,  the  product  required. 

When  the  product  contains  four  figures,  the  fourth  cannot  be  wdl 
ascertained  by  the  scale,  but  it  may  be  easily  found  by  multiplying  the  unit 
figures  of  the  factors,  and  de  unit  figure  of  their  product  will  be  tbat  of 
the  product  required.  For  example,  suppose  it  were  required  to  find  the 
product  of  2S  by  16;  the  extent  trom  1  to  16  will  reach  from  SS  to  about 
iiSO,  but  as  the  divisions  are  too  small  to  distinguish  the  last  figure,  there- 
fore multiply  9.  by  6,  which  will  give  de  product  12;  hence  the  product 
required  is  352. 

Division  being  the  reverse  t^Multijplicalaon,  extend  fii>m  thedinsor  tol, 
and  that  extent  will  reach  from  the  divideiid  to  the  quotient 

le  li  («D«d  the  mullirJIer,  and  the  other 
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Example— Divide  80  by.  5.  Extend  from  5  to  I,  and  that  extent  will 
leach  from  80  to  1  (>,  the  quotient  required. 

To  reduce  a  Vulgar  Fraction  to  a  Decimal,  extend  ftom  the  denominator 
to  the  numerator,  and  that  extent  vill  reach  ^^>m  1  to  the  decimal  fractipB 
required. 

Example — Required  the  decimal  fraction  equal  to  J.  Extend  from  4 
to  8,  via  that  extent  will  reach  the  same  way  from  1  to  .  75,  ^e  decimal 
nefluired. 

To  perform  the  Rule  of  Three— State  the  question  bo  that  the  first  and 
duid  lennB  may  be  of  the  same  name ;  then  the  fourth  term  will  be  of  the 
same  name  witn  the  second,  and  greater  or  less  than  the  second,  a§  the 
thiid  ia  erester  or  less  than  the  first ;  then  extend  the  compasses  from  tfa^ 
first  to  the  third  term,  and  that  extent  will  reach  from  the  second  to  the 
fourth  term. 

Example — If  a  ship  sail  at  the  rate  (tf .  26  miles  in  3  hours,  how  muiy 
miles  will  sbe  buI  in  24  hours  P 

Here,  as  3  hours  is  to  86  miles,  so  is  24  hours  to  the  answer ;  therefore, 
extend  from  S  to  S4,  and  that  extent  will  reach  from  26  to  208,  the  milep 
required. 

To  find  the  area,  or  superfidal  content  of  a  square,  or  rectan^^,  extend 
from  1  to  the  breadth,  and  that  extent  wilt  reach  from  the  leii^  to  the 
superficial  content 

Example — Suppose  a  board  or  plank  measure  18  inches  broad,  and  SS 
feet  in  length,  required  the  superficial  content 

Extend  from  1  to  1.5,  (=  1  foot  6  inches),  and  ^at  extent  will  reach 
from  26  feet  to  37. 6,  or  37  feet  6  inches,  the  contents  required. 

To  find  the  solid  contents  of  a  bale,  box,  chest,  &c.  or  any  -other 
rectangular  solid,  extend  from  1  to  the  Breadth,  and  that  extent  will  reach 
from  the  length  to  a  fourth  number ;  then  extend  from!  1  to  die  depth) 
and  that  extent  will  reach  from  the  fourth  number  to  Ae  scJid  contents. 

Example— Required  the  solid  contents  of  a  box  messonng  3  feet  broad, 
6. 5  feet  long,  and  3  feet  in  depth. 

Extend  ft«m  1  to  3,  and  that  extent  will  reach  from  fi.  fi  to  16.  li;  then 
extend  from  1  to  3,  uid  that  extent  inll  teach  from  16.  d  to  SS  feet,  the 
soM  contents. 

USE  OF  THE  LINES  OF  SINES  AND  TANGENTS. 

These  lines  are  used  with  the  line  of  numbers  in  wortdng  proporHons  in 
Trigonometry,  by  the  Rule  above,  as  will  be  fully  exemphfied  when  we 
treat  on  that  subject. 


USE  OP  THE  LINE  OF  VERSED  SINES. 

This  line  is  used  with  the  line  of  sines  in  restdvii^  a  sph«io^  triangle 
when  the  three  rades  are  nven  to  find  the  angles,  or  me  thne  aa^jlea,  to  find 
the  ddes,  as  will  be  explamed  in  the  methods  of  working  an  aumutb. 
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5.  A  Line  of  Verted  Sinea,  muked  v.  s. :  it  is  numbemd  from  the  tiglit 
towards  the  len,  at  each  10th  degree  as  fu  as  160 ;  the  subdivisioiis  firDin 
SO  to  90  are  usually  each  tvo  degrees ;  from  90  to  140  one  d^rce ;  and 
from  140  to  the  end  half  a  degree. 

6.  A  Line  of  Tangents,  marked  tan.  :  it  is  numbered  from  the  left 
band  towards  the  right  as  far  as  45  degrees,  which  is  equal  to  ndius,  or 
the  rine  of  90  defpreei ;  and,  since  the  log.  tangent  of  an  arch  above  46 
d^rees  ia  the  ariuimedcal  complement  of  the  tangent  of  an  arch  as  mudh 
less  than  45  degrees,  the  same  division  represents  40  or  50  degrees,  30  and 
60,  and  so  on ;  for  if  the  line  of  tangents  were  continued  beyond  45  on  the 
right,  the  divisions  would  be  exactly  the  same  length,  only  reversing  the 
order:  therefore,  instead  of  such  continuation,  it  is  more  convenient  to 
leckon  the  degrees  above  45  backwards,  or  (torn  right  to  left,  observing  at 
the  same  time  that  the  d^rees  above  45  are  to  be  supposed,  when  uainf^ 
the  line,  increasing  towards  the  right  hand,  as  in  the  ouier  parts  of  the  line. 

The  subdivisions  on  this  line  are  nearly  the  same  as  on  the  line  of  sines ; 
indeed  these,  as  well  as  the  other  lines,  are  variously  subdivided  on  difierent 
scales,  according  to  the  accuracy  and  goodness  of  the  instrument. 

7-  A  Line  of  Meridional  Parts,  marked  Meb.,  reckoned  from  right  to 
left,  each  lanJeT  division  repesenting  10  degrees,  and  the  smaller  each 
1  degree,  or  60  meridional  miles. 

8.  A  Line  of  equal  Porta,  mariced  e.  p.,  numbered  from  right  to  left, 
each  large  division  reptesenting  10  d^rees  of  the  equator,  or  600  miles. 
The  first  of  these  divisions  is  sometimes  divided  into  10  equal  parts,  each 
representing  a  degree,  or  60  miles,  and  these  again  into  huves  or  quarters 
of  30  or  15  miles  each. 

USE  OF  THE  LINE  OF  NUMBERS. 

MultipUcalion  is  performed  on  this  line  by  extending  the  compasses 
from  1  to  either  of  toe  factors*,  and  that  extent  will  reaiw  from  the  other 
factor  to  the  product. 

Suppose,  KIT  example,  it  were  required  to  find  the  product  of  16  multi- 
plied by  5 :  set  one  foot  of  the  compasses  in  1,  and  the  other  in  6,  then 
that  extent  will  reach  from  16  to  80,  the  product  required. 

When  the  product  contuns  four  figures,  the  fourth  cannot  be  well 

ascertained  by  the  scale,  but  it  may  be  eadly  found  by  multiplying  the  unit 

figures  of  the  factors,  and  the  unit  figure  of  th^  product  will  be  that  of 

the  product  required.     For  example,  suppose  it  were  required  to  find  the 

product  of  SS  by  16,  the  extent  from  1  to  16  will  reach  from  9,9.  to  about 

as  the  divisions  arc  too  small  to  distinguish  the  last  figure,  there- 

iply  S  by  6,  which  will  give  the  product  \i  \  hence  the  product 

isS62. 

m  being  the  reverseofMultiplicaUon,  extend  from  the  divisor  to  1 , 
extent  will  reach  from  the  dividend  to  the  quouent. 

icum  are  munlMr*  multiplied,  of  wbich  one  li  called  the  multiplier.  Mid  the  olber 
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Example — IKvideSO  by  6.  Extend  from  5  to  1,  and  that  extent  will 
reach  (rota  80  to  1(i,  the  quotient  required. 

To  reduces  Vulgsr  Fractioo  to  a  Decimal,  extend  from  the  deaomuMtot 
to  the  numerator,  and  that  extent  viH  reach  friHD  1  to  the  decimal  fractioa 
reqiiired. 

Elzample — Required  the  deomal  fraction  equal  to  j.  Extend  from  4 
to  8,  ^d  that  extent  will  reach  the  same  way  from  1  to  ■  75,  the  decimal 
required. 

To  perform  the  Rule  of  Three— State  the  question  so  that  the  first  and 
third  terms  may  be  of  the  same  name  ;  then  the  fourth  term  will  be  of  the 
same  name  with  the  second,  and  greater  or  less  than  the  second,  as  the 
third  is  greater  or  less  than  the  first ;  then  extend  the  compasses  from  th^ 
first  to  tae  third  term,  and  that  extent  will  reach  from  the  second  to  ^e 
fourth  term. 

Example^If  a  ship  sail  at  the  rate  of.  26  miles  in  3  hours,  how  many 
miles  will  she  sail  in  Z4i  hours  P 

Here,  as  3  hours  is  to  S6  miles,  so  is  34  hours  to  the  answer;  Aerefqre, 
extend  from  3  to  34,  and  that  extent  will  reach  from  36  to  308,  the  milep 
reqaiied. 

To  find  the  area,  or  supeificifd  content  of  a  square,  or  rectang^,  extend 
from  1  to  the  breadth,  and  that  extent  will  reach  from  (be  length  to  the 
superficial  content. 

Example — Suppose  a  board  or  plank  measure  18  inches  broad,  and  25 
feet  in  length,  required  the  superficial  content 

Extend  from  1  to  l.fi,  (=  1  foot  Ginches),  and  tlist  ntent  will  reach 
fh>m  35  feet  to  37. 5,  or  37  feet  6  inches,  the  contents  required. 

To  find  the  solid  contents  of  a  bale,  box,  chest,  &c.  or  any  -other 
rectaninilar  solid,  extend  from  1  to  the  bireaddi,  and  Aat  extent  will  reach 
firom  tne  length  to  a  fourth  number ;  then  extend  froni  1  to  the  depll>> 
and  that  extent  will  readi  from  the  fourth  number  to  the  tti&i  contents. 

Example — ^Required  the  solid  contents  of  a  box  miMsniing  3  feel  bioad, 
5. 5  feet  long,  and  3  feet  in  depth. 

Extend  from  1  to  S,  and  that  extent  will  nadi  from  5.  S  Id  16. 6  i  then 
extend  from  1  to  S,  and  that  extent  will  reach  from  16. 5  to  3S  feet,  the 
solid  contents. 

USE  OF  THE  LINES  OF  SINES  AND  TANGENTS. 

These  lines  are  used  with  the  Une  of  numbers  in  working  proportions  in 
Tiigonometry,  by  the  Rule  above,  as  will  be  fully  exemphfied  when  we 
treat  on  that  subject. 

USE  OF  THE  LINE  OF  VERSED  SINES. 

This  line  is  used  with  the  line  of  sines  in  resolving  a  spherio^  txiao^e 
when  the  three  rades  are  mven  to  find  the  angles,  or  ux  three  an^es,  to  find 
the  sides,  as  will  be  explamed  in  the  methods  of  working  an  azimuth. 
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U&E  OF  THE  LINES  OF  MERIDIONAL  AND  EQUAL  PARTS. 

These  lines  aie  always  used  together,  and  only  in  Mercator's  Suling,  or 
in  constructing  a  Mercator's  Chart.  When  the  meridional  parts  ansvering 
to  a  given  latitude  are  required,  diey  are  found  by  taking  the  extent  from  the 
be^nning  of  the  line  of  meridional  parts  to  the  given  Udtude :  this  extent 
beug  applied  to  the  line  of  equal  parts  will  eive,  in  d^p%es,  the  meridioiu] 
parts  required.  Or,  if  the  meridional  diSerence  of  ubCude  between  two 
places  be  wanted,  the  extent  &om  one  latitude  to  Uie  other  on  the  line  of 
meridional  ittrts  will  give,  when  applied  to  the  hne  ot  equal  parts,  the 
meridiooal  difiereace  of  latitude  in  degrees,  which  are  to  oe  reduced  to 


OF  THE  SLIDING  GUNTER. 

This  instrument  is  nearly  of  the  same  dimendons  as  the  conunoa 
Gunter,  but  connsts  of  three  pieces  of  wood;  the  extreme  pieces  being 
connected  by  thin  plates  of  brass  at  each  end,  and  the  third  made  to  slide  in 
grooves  between  them.  The  lines  on  this  scale  are  constnicted  and 
graduated  aa  on  the  Plane  Scale  and  common  Gunter:  we  shall  therefore  onlj 
remark  here,  that  there  are  two  lines  of  numbers,  sines,  and  tangents — on 
on  the  fixed  part  of  the  scale,  and  the  other  on  the  slide — and  that  there  !■ 
likewise  a  third  line  of  numbers  on  the  ahde  opposite  a  line  of  sine  rhumbs. 

USE  OF  THE  LINE  OP  NUMBERS. 

To  perform  Mnlriplication  by  these  lines,  set  1  on  the  sliding  line  to  oae 
of  the  actors  on  the  fixed  line;  then  opposite  the  other  factor  on  the  slide 
will  be  found  the  product  on  the  fixed  line. 

Exam^e-— To  find  the  product  of  16  multiplied  by  fi,  draw  out  the  slide 
tuitil  1,  on  its  line  of  numbers,  coincide  with  5  on  the  fixed  Ime ;  then 
opponte  16  on  the  sliding  line,  will  be  80  on  the  fixed  line. 

Uvision  is  performed  by  drawing  out  the  slide  until  the  divisor  on  its  line 
coindde  vith  the  dividend  on  the  fixed  line;  then  opposite  to  1  on  the 
diding  line  will  be  the  quotient  on  the  fixed  line. 

Examjde— To  divide  1S4  by  4,  set  4  on  the  sHding  line  to  coincide  with 
]Jl4  on  tiie  fixed  line;  then  opposite  to  1  on  the  slide  will  be  31  on  the  fixed 
line,  which  is  the 'quotient  required. 

To  woi^  the  Rule  of  Three,  let  the  question  be  stated  so  that  the  first 
and  third  terms  nay  be  of  the  same  name,  then  the  fourth  term  will  con- 
•equentiy  be  of  the  same  name  iritfa  the  second,  and  greater  or  less  than 
the  second,  as  the  third  is  greats  or  less  than  the  first  Now,  set  the  first 
term  on  the  sliding  line  opposite  to  the  third  term  on  the  fixed  Une,  and  the 
fourth  term  will  be  finmd  on  the  fixed  hne,  opposite  to  the  third  term  on  the 
eliding  line. 

Example^-If  3  yards  of  cloth  cost  SI  shillings,  what  will  be  the  value 
of  S7  yards  f    Now,  aa  3  yards  :  SI  shs.  : :  27  y&.  :  tbeaiuwer;  ^ere&n 
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aet  8  on  die  sBdiiw  line  of  numbera  to  %7  on  the  fixed  line,  then  opposite  to 
XI  on  the  sliding  fine  «ill  be  found  189  on  the  fixed  line,  the  faurto  term  or 
ntimbcT  of  shillings  required,  equal  to  ^9-  9s-  Again,  suppose  a  ship  sail 
170  miles  in  24  hours,  at  what  rate  is  that  per  hour  ?  As  S4  hra.  :  170 
miles  : :  1  hour  :  the  answer.  Set  Hi  on  the  sliding  line  of  numbers  to  1 
on  the  fixed  line ;  then  opposite  to  170  on  the  sliding  une  is  7^  on  the  fixed 
fine,  the  miles  and  parts  that  the  ship  sails  per  hour. 


DESCRIPTION  AND  USE  OF  THE  SECTOR. 


This  inatrument  is  formed  of  two  equal  rules  or  hga,  moveable  about 
a  centre  or  joint,  on  the  faces  of  which  are  drawn  several  fines  or  scales, 
some  proceeding  from  the  centre,  called  sectoral  limes,  and  others 
rarallel  to  the  edge  of  the  rules,  similar  to  those  laid  down  upon  a  common 
Gunler. 

Tbe  sectoral  lines  are  drawn  twice  on  the  same  face  of  the  instrument, 
diat  is,  once  on  each  leg;  those  on  one  face  are,  1.  Two  scales  of  equal 
porta,  marked  Lin.  or  L.;  each  of  these  scales,  from  the  great  extensireness 
of  its  nae,  is  called  the  Line  of  Lines.  S.  Two  lines  of  chords,  marked 
Cho.  or  C.  3.  Two  lines  of  secants  marked  Sec-  or  S.  4.  Two  lines  of 
poisons,  marked  Foi..^Upon  the  other  face  the  sectoral  lines  are, 
1.  Two  lines  of  sines,  marked  Sin.  or  S.  2.  Two  lines  of  tangents,  marked 
Tan.  or  T.  3-  Between  the  lines  of  tangents  and  sines,  two  other  lines  iff 
tangents,  matked  t,  to  a  less  ra£us,  to  supply  the  defect  of  the  former,  and 
ext^iding  from  45  to  about  7S  degrees. 

The  Imes  of  chords,  sines,  tangents,  and  secants,  are  consmwted  upon 
die  same  prindple  as  Uiose  on  the  Plane  Scale^  makingtbe  length  of  the  line 
ofdiords  the  radius  of  the  circle.   (See  Geom.  Prob.  XI.) 

Eat^  pair  of  the  sectoral  lines  (except  the  line  of  polygtuu)  are  numbered 
from  the  centre,  and  so  disposed  as  to  make  equal  angles  at  the  centre, 
consequently  at  whatever  distance  the  Sector  be  openM,  die  aiwles  wiQ 
always  be  respectively  equal ;  that  is,  the  distance  between  10  aid  10  on 
the  fines  of  lines  will  be  equal  to  60  and  60  on  the  fines  of  chords,  90  and  90 
on  the  fines  of  sines,  and  45  and  45  on  the  lines  of  tangents. 


The  other  lines  on  the  Sector  being  for  the  most  part  such  as  are  usuallv 
drawn  upon  the  Gunter's  Scale,  which  have  already  been  described,  it  will 
be  nonecessary  hrae  to  enumerate  them ;  we  ^all  thereA>re  only  observe 


that  die  logarithmic  lines,  being  placed  partly  on  one  leg,  and  partly  oa  the 
odier,  are  to  be  used  with  the  legs  fully  opened. 

Tlie  use  of  the  sectoral  fines  is  founded  on  a  property  of  similar  triangles, 
nmely,  that  their  corresponding  sides  are  proportional.  Let  c  a,  c  a, 
(^-  o,  Plate  I.)  represent  a  pair  of  sectoral  hues,  forming  die  anj^  a  c  B ; 
(&nde  diem  each  into  any  number  of  equal  parts,  as  ten  for  instance,  and 
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dnw  lines  to  the  correqNuicUng  numbers  on  each  tine,  ae  ftom  2  to  S,  4  to  4, 
Sic  These  lines  wiQ  form  a  series  of  ttiang^es,  as  cS2, c44,&a.dl 
■ini]ar to tbe trianglfl  cab;  diereffare it nill b^aBc3istocA,»ois22t<> 
10  10,  or  A  b;  and  as  c  2  iato22,soisCAtoAB,  and  so  on  for  tbe  othtr 
enrespondii^  lines. 

Hence  also  if  the  lines  c  a,  c  B|  tepresent  the  lines  of  chords,  sine*, 
tangents,  or  secants ;  and  if  c  a  be  the  radius,  and  the  line  c  'i  the  chord, 
one,  tangent)  or  secant,  of  any  proposed  number  of  degrees;  then  the  line 
S!i  will  be  Uie  chord,  sine,  &c.  of  the  same  number  of  d^iees  to  the 
radius  a  b. 

We  shaU  now  proceed  to  explain  some  of  the  moat  important  uses  ta 
iriiich  the  sectoral  lines  may  be  applied;  previous  to  which  it  will  be 
necessanr  to  obaerve,  that  in  all  operations  the  distances  are  to  be  taken  with 
a  piur  of  compasses  &om  the  innermost  of  the  three  lines  which  bound  tbe 
divinona,  that  being  the  line  proceeding  from  the  centre :  it  is  likewise  to  be 
tmderstood,  that  tae  measure  taken  from  the  centre  to  any  part  of  B  sectonl 
line,  is  called  a  lateral  di$tance,  and  that  the  measure  taken  from  any  point 
in  one  line  to  ita  coneaponding  point  in  a  line  of  the  same  name,  is  called  • 
trannerm,  or  paralM  stance. 

irsB  OP  THE  UNBS  OP  LINES. 

1.  T\>  divide  a  given  line  into  any  number  o^  equal  parts :  foi  exsm^ 
toppoBC  9-  Take  the  length  of  the  given  line  m  the  compasses,  and  make 
it  a  transverse  distance  from  9  to  9,  the  number  of  parts  proposed ;  then  will 
die  transverse  distance  of  I  and  1  be  one  of  the  equal  parts,  or  the  9th  put 
of  tbe  whole ;  and  the  transverse  distance  of  2  and  2  will  be  2  of  the  equil 
parts,  or  g  of  the  whole  line,  and  so  on. 

Note. — When  the  line  to  be  divided  is  too  long  to  be  applied  to  ike 
1^  of  tbe  Sector,  take  some  aUquot  part  of  it,  as  tbe  half,  the  third,  be. 
and  doidile  or  triple  the  lengths  of  the  transvene  distances  taken  from  the 
Sector. 

2.  To  <&mde  a  given  tine  into  any  nunUier  of  porta  &at  shall  be  inam) 
asaigned  proportion ;  as,  suppose  three  parts,  in  the  proportion  of  2, 3,  and  i- 
Make  the  given  lipe  a. transverse  distance  to  9,  toe  sum  of  the  proposed 
numbers  2,  ^',  ii  then  the'timnsverse  distances  of  these  numbers  seveiallj 
will  be  the  pans  required. 

3.  To  Jmd  a  fourtit  proportional  to  three  given  lines  ornumbers;  te, 
suppose  to,  8,  4,  and  6.  Take  the  lateral  distance  of  4  in  the  compaasest 
and  make  it  the  transverse  distance  of  8 ;  then  the  transverse  distance  of  6, 
extended'from  the  centre,  will  reach  to  the  fouith  proporttoual  8.  If  a  ship 
sail  36  mflee  in  4  hours,  what  distance  will  she  sail  in  7  hours  P  Open  tM 
Sector  till  the  transverse  distance  of  4  and  4  be  eqnal  to  the  lateral  diatwep 
36 ;  then  the  transverse  distance  of  7  lud  off  from  the  centre  will  give  63> 
&e  fbnrth  proportional. 

Suppose  three  lines  a  B,  c  D,  and  ■  f,  ^ven  to  find  a  fourth  propomonal. 
Take  tne  length  of  tiie  line  a  b  in  the  compasses,  and  placing  one  foot  in  the 
centre,  mark  what  point  or  division  the  other  foot  &11b  on :  open  the  Sector 
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tMl  the  panllel  diatance  between  that  point  and  the  correspOBifiiiff  one  on 
the  odier  1^  is  equal  to  the  line  c  d  ;  then  b  f  taken  in  the  compaeseB  luid 
Ud  off  as  a  lateral  distance,  the  corre^nding  traiuverse  distance  urill  be 
the  lenffth  of  the  line  required. 

Let  It  be  required  to  reduce  a  chart  drawn  on  a  scale  of  5  inches  to  a 
degree,  to  a  setue  of  8  inches  to  a  degree.  Make  the  transverse  distance 
&om  5  to  5  equal  to  the  lateral  distance  of  3 ;  the  legs  of  the  Sector  beiiw 
kept  at  this  angular  position,  any  measure  tidcen  from  the  chart  being  laid 
(m  as  a  lateral  distance,  the  corresponding  transverse  distance  will  be  the 
measure  to  be  lud  down  upon  the  reduced  chart. 

4.  Hanng  a  tins  containing  any  given  number  of  equal  parts,  to  find 
M<  leHgth  of  a  Uns  containing  any  other  number  of  the  same  parts. 

Suppose  a  chart  to  be  drawn  on  a  scale  of  5  miles  to  8  inches ;  required 
the  length  of  any  other  number  of  miles  upon  the  same  scale.  Make  the 
transverse  distance  of  B  and  6  equal  to  3  inches ;  the  l^s  of  the  Sector 
hang  kept  at  this  angular  position,  the  transverse  distance  of  any  other 
number,  within  the  tunits  o£  the  Sector,  will  be  the  length  of  the  niuaber 
of  miles  required. 

5.  Having  the  number  of  parts  contained  in  any  given  line,  to  find 
the  number  of  the  same  parts  contained  in  another  line. 

Siq>pose  the  length  of  one  side  of  a  triangle  measure  30,  what  are  the 
measures  of  the  other  sides  ?  Take  the  length  of  the  given  side  in  the 
compasses,  aad  apply  it  transversely  from  SO  to  SO ;  to  this  opening  of  the 
Sector  apply  the  length  of  the  other  sides  transversely,  so  that  the  points 
may  fall  upon  corresponding  dividons,  and  these  will  shew  the  measure  of 
Ae  sides  required. 

USE  OF  THE  LINES  OF  CHORDS. 

1.  To  protract  or  lay  down  an  angle  of  any  given  number  of  d^rees. 
At  any  opening  of  the  Sector  take  the  transverse  distance  of  60°,  with 
which  extent  dracribe  an  arch ;  then  take  the  transverse  distance  of  the 
proposed  number  of  degrees,  and  apply  it  to  that  arch :  through  the 
extremities  of  this  distance  on  the  arch,  draw  two  lines  from  the  centre, 
and  they  will  form  the  angle  required.  When  the  angle  exceeds  60^,  lay 
it  off  at  twice  or  thrice. 

In  this  manner  any  number  of  degrees  may  be  1^  off  on  the  circum- 
ference of  a  given  circle,  making  the  transverse  distance  of  60°  equal  to  the 
radius  of  the  circle. 

2>  71»  meastire  anjr  given  angle.  With  any  radius  describe  an  areh 
fton  die  angdsr  pmnt,  and  set  dtat  radius  transversely  &om  60  to  60 ; 
Aen  take  the  length  of  the  intercepted  areh  in  the  compasses,  and  apply  tt 
transveVBcly  to  the  line  of  chordi,  so  that  the  punts  of  the  compasses  may 
m  upon  corresponding  drrinons,  and  they  will  shew  the  measure  of  the 
^ven  angle. 
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USE  OF  THE  LINES  OF  SINES.  TANGENTS,  AND  SECANTS. 

1.  Having  the  length  of  the  naUus  of  a  circle,  tojind  the  length  of 
the  chord,  sine,  or  tangent  of  any  arch  of  that  circle.  Suppose  the 
chord,  sine,  or  tftneent  of  30  degreee  to  a  ra^ua  of  S  incbea  be  re<]uired: 
open  the  Sector  tilTthe  transverse  distance  of  60  and  60  on  the  lines  of 
chords  be  equal  to  S  inches ;  then  will  the  same  extent  reach  from  4^  to  45 
on  the  lines  of  tangents,  and  from  90  to  90  on  the  lines  of  sines,  so  that  to 
whatever  radius  the  lines  of  chorda  are  set,  to  the  same  are  all  the  others 
set.  In  this  angular  position  of  the  legs,  therefore,  if  the  transverse 
distance  between  30  and  30  be  taken  on  the  lines  oF  chords,  sines,  or 
tangents,  with  the  compasses,  it  will  give  the  length  of  the  chord,  sin^ 
or  tangent  of  SO  degrees,  to  the  radius  of  S  inches.  When  the  required 
chord  is  above  60°,  or  the  tangent  above  46°,  as  suppose  TO  degrees, 
proceed  thus :  for  the  chord  take  the  transverse  distance  of  hau  the 
arch,  vix.  S5  degrees,  on  the  line  of  sines,  the  double  of  which  gives 
the  length  of  the  chord  of  70  degrees.  To  find  the  tangent  c^  70 
degrees  to  the  same  radius,  make  the  transverse  distance  from  4S  to  45, 
on  the  upper  lines  of  tangents,  equal  to  S  inches;  then  the  extent 
between  70  and  70  on  the  same  Unes  will  be  the  length  of  the  tangent 
required. 

S.  Having  the  radius  of  a  circle,  tojindtheaeoantof  any  arch  of  that 
circle:  as  again,  suppose  of  20  or  70  degrees,  to  a  radius  of  2  inches; 
make  S  inches  the  transverse  distance  between  0  and  0  on  the  lines  of 
secants ;  tlien  will  the  transveTse  distance  of  20  and  SO,  or  70  and  70, 
give  the  secant  of  20  or  70  degrees. 

3.  The  radius  of  a  circle,  and  any  Hne  repreteniing  a  sine,  tangent, 
or  tecanl  of  an  arch  of  that  circle  being  given,  to  find  the  degrees  and 
parts  corresponding  to  that  line.  Open  tfie  Sector  to  the  ^ven  radius, 
according  as  a  sine,  tangent,  or  secant  is  concerned,  then,  taking  the  given 
line  in  the  compasses,  apply  the  legs  transverselv  till  they  faU  on  the 
corresponding  divisions  of  the  proper  hne,  and  uiese  will  point  out  the 
d^rees  and  parts  required. 

In  this  manner  the  angles  of  a  rightangled  trianEle  may  be  estimated, 
by  considering  one  side  as  the  radius  of  a  circle,  and  one  of  the  other  sides 
as  representing  the  sine,  tangent,  or  secant  of  the  required  angle. 

The  sectoral  lines  are  Hkewise  useful  in  working  proportiDns  in  Trigo- 
nometry :  suppose,  for  example,  the  hypothenuse  of  a  triangle  measures 
£6,  and  the  angle  opposite  the  perpendicular  32  degrees;  to  find  the 
perpendicular,  the  proportion  will  be,  as  radius,  or  sine  of  90°  is  to  the 
Wpothenuse  56,  so  is  sine  of  the  ai^e  opposite  the  perpendicular  33°  to 
the  perpendicular ;  therefore  make  the  transverse  distance  of  90  and  90  ui 
the  lines  of  sines  equal  to  the  lateral  distance  56  on  the  lines  of  lines ;  then 
the  transverse  distance  of  S!f  on  the  line  of  sines,  applied  as  a  lateral 
distance  to  the  lines  of  lines,  irill  give  S9-  5  for  the  length  of  the  perpeD' 
dicular  required. 
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PLANE  TRIGONOMETRY  b  thu  branch  of  Geometry  which 
teiches  to  compute  the  ddes  and  angles  of  plane  triangles  ;  it  is  divided 
into  ri^t-sn^ed  and  oblique-angled  Trigonometrv,  acconting  as  it  is 
applied  to  the  mensuradon  of  right  or  obUqiie-an^ea  triangles. 


RIGHT-ANGLED  TRIGONOMETRY. 


DEFINITIONS  AND  PRINCIPLES. 

1.  Every  triangle  connsts  of  ax  parts ;  namely,  three  sides  and  three 
angles. 

t.  The  emn  of  the  three  angles  of  every  plane  triangle  is  equal  to  two 
right  angles,  or  ISO  degrees ;  hence,  if  one  of  the  angles  be  Known,  the 
sum  of  the  other  two  may  be  found  by  subtracting  the  given  angle  from 
180  d^reea :  also,  if  two  of  the  angles  be  known,  their  sum,  subtracted 
from  180  d^rees,  will  give  the  third  angle:  agiun,  in  a  right-angled 
triangle  (the  right  aiwle  containing  90  degrees),  the  sum  of  the  two  acute 
angles  is  equal  to  90  d^rees :  therefore,  if  one  of  the  acute  an^es  be 
given,  the  other  will  be  found  by  subtracting  the  ^ven  angle  from  90 


3-  Any  two  ddes  of  a  triangle  added  together  are  greater  than  the  third 
side. 

1.  The  greatest  side  of  a  triangle  is  opposite  the  greatest  angle,  and  the 
least  mde  opposite  the  least  angle ;  also,  m  the  same  triangle,  equal  ddes 
are  oppodte  to  equal  angles. 

5.  Two  triangles  are  said  to  be  dmilar  when  aU  „ 
the  angles  of  the  one  are  respectively  equal  to  all  the 
angles  criT  the  other ;  as  for  instance,  the  triangle 
A  B  c  is  similar  to  the  triangle  dt.v,  because  the 
ingles  A,  B,  and  c,  are  respectively  equal  to  the 
ugles  D,  2,  and  f. 

6.  The  ddes  ofsimilai  triangles,  opposite  to  equal 
u^^  are  proportioiial ;  thus  in  the  trian^es  a  a  c 
andDEF,  asABBtoDE,  soisActODF,  and  so 
isBctOBF.     Oras4:8::6:10::S:6. 
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7.  Similar  aiches  of  unequal  drdefl  are  such  as  coutun  the  §ame  nmnbet 
of  dc^fTces,  &c.  of  their  respective  drdea. 

8.  The  sines,  tangents,  and  secants  of  similar 
arches  are  proportional  to  the  radii  of  the  circles ; 
thus,  supposing  the  arch  d  b.  of  the  drcle  d  b  g  f, 
to  be  simuar  to  the  arch  lm,  of  the  circle  l  m  o  i, 
then  D  E  is  to  I,  H,  a  b  to  h  n,  and  c  a  to  x  b,  as 
CBorcDistoKNorKL;  that  is,  the  sme,  tangent 
and  secant  of  one  arch  is  to  the  rane,  tangent,  and 
secant  of  the  other,  as  the  radius  of  one  circle  is  to 
the  radius  of  the  other. 

Hence,  if  the  radius  of  a  drcle  be  divided  into  a  / 
certain  number  of  equal  parts,  and  the  length  of  the  J. 
sine,  tangent,  or  secant  of  any  angle  in  such  parts 
be  given,  the  length  of  the  dne,  tangent,  or  secant 
of  the  same  angle  to  any  other  ndius  may  be 
found. 

9.  The  lengths  of  the  sine,  tangent,  and  secant  for  every  d^ree  and 
minute  of  the  quadrant,  whose  radius  is  1 ,  being  calculated  and  arraiued  in 
a  table,  is  caUed  a  Trigondubtkical  Canon  :  and  the  logarithms  of  these 
lengths  are  called  logarithmic  or  artificial  sines,  tangents,  and  secants ;  as 
in  Table  XXV.  of  Qiis  Work. 

From  these  Flindples  are  deduced  the  following 


For  computing  the  Sides  and  Angles  of  right-angled  Trian^ea- 

In  every  right-angled  triai^le  there  must  be  two  parts  given,  besides 
the  tidit  angle,  to  find  the  other  three ;  and  one  of  these  parts  at  iaut 
must  be  a  side,  because  the  sn^es  will  only  give  the  proportion,  not  the 
absolute  length  of  the  sides. 

In  every  righuan^led  triangle  one  of  the  sides  must  be  considered  at 
representing  the  radius  of  a  circle ;  then, 

1 .  If  the  Hypothenuee  be  made  radius,  the  perpendicular  and  base  wiD 
each  be  the  sine  of  its  opposite  angle. 

2.  If  the  Btiae  be  made  radius,  the  perpendicular  will  be  the  tangent 
of  its  oppodte  angle,  and  the  hypothenuse  the  secant  of  the  same  angle. 

3.  If  the  Perpendicular  be  made  radius,  the  base  wiU  be  the  tanBCnt  of 
ha  opposite  an^e,  and  the  hypothenuse  the  secant  of  the  same  angw ;  tlw 
sine,  tangent,  or  secant  of  one  angle  beii^,  in  each  case,  the  co.  sine, 
CO.  tangent,  or  co.  secant  of  the  other. 
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ThtiB,  if  in  the  trianfles  a  b  c,  the  hypotfaenu§e  a  c  be  considered  as 
ndiiu  of  a  circle,  then  it  is  evident  the  perpendiculAr  b  c  will  be  the  one 
of  the  angle  a,  and  the  base  a  b  the  sine  of  the  angle  c  ;  if  the  base  a  b 
be  made  rsdiiK,  then  the  perpendicular  Bc  win  be  the  tangent  of  the  angle  A, 
and  the  hypothenuse  a  c  the  secant  of  angle  a  ;  if  the  perpendicular  a  c 
be  nude  radius,  then  the  base  a  b  will  be  the  tangent  of  the  angle  c,  and 
the  bjpotfaeause  the  secant  of  angle  c 

Since  the  acute  angles  a  and  c  contain  together  90  d^rees,  the;^  are  the 
complements  of  each  other ;  therefore  the  sine,  tangent,  and  secant  of 
angle  a  is  the  co.  sine,  co.  tangent,  and  co.  secant  of  angle  c ;  and  the 
sine,  &c.  of  angle  c  is  the  co.  aae.  Sec.  of  angle  a.  (See  De6nition 
XXXIV.  Geom.) 

Tofnd  a  Side. 

Cotudder  any  one  of  the  sides  as  representing  the  radius  of  a  cirdei  and 
write  upmi  it  tne  word  raditu ,-  then  upon  the  other  ndea  write  the  parts 
they  represent  according  to  the  preoetSng  Rules,  which  call  the  namea  ot 
the  sides ;  then  say, 

As  the  name  of  the  given  side 

Is  to  the  given  side, 

So  is  the  name  of  the  side  required 

To  the  side  required. 

Tofaid  an  Jtif^. 

Conader  one  of  the  fi^ven  sides  as  representing  the  radius  of  a  drcle, 
ind  write  upon  it  the  word  radius ;  and  upon  the  other  rides  write  the 
parts  they  represent  according  to  the  preceduig  Rules ;  then  say. 

As  the  side  representing  radius 

Is  to  radius. 

So  is  the  other  ^ven  side 

To  the  rinc,  tangent,  or  secant  of  the  angle  by  it  represented. 
Haringrused  the  canons,  or  proportions,  they  may  be  worked  by  the 
cemraon  Rule  of  Three,  taking  the  lengths  of  the  nnes,  tangents,  or 
wcants  of  the  angles,  to  Radius  l,&om  the  proper  Table;  but  as  It^aritbms 
connderably  abbreriate  the  calci^tion,  by  performing  MulUpltcation'  by 
Ad^tion,  and  Division  by  Subtraction,  it  is  more  usual  to  take  out  the 
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I<^srithms  of  the  three  ^ven  temu  (the  It^^thm  of  ndius  bang  10.00000); 
then,  adding  the  logsnthms  of  the  second  and  third  tenns  together,  and 
from  their  Hum  subtracting  the  Iwarithm  of  the  first  term,  the  remaiiider 
will  be  the  logarithm  of  the  fourth  tenn,  which  bnng  found  in  the  proper 
Table,  the  number,  or  the  degrees  and  minutes  corresponding  to  it,  will 
give  the  required  side  or  angle. 

Note.  The  logarithms  for  sides  are  to  be  taken  from  Table  XXIV.,  and 
for  the  sines,  tangents,  or  secants  of  angles,  &om  Table  XXV. 

We  shall  now  proceed  to  exemplify  the  above  Rules  by  the  ft^oving 
Cases,  which  we  snail  resolve  by  three  different  methods:  out.  by  Gieoraetriciu 
Construction,  by  L<^arithmic  Calculation  and  by  Gunter's  Scale. 

CASE  I. 

The  Aiglet  and  the  Hypotkenuae  given,  tojind  the  Base  and  tk^ 
Perpendicular. 

Example.  Given  the  hypothenuse  a  c,  370  miles,  (or  any  other  opeMure 
of  length),  the  angle  a  56°  80^,  and  consequently  me  mgle  c  33°  SC; 
required  we  base  a  b  and  perpendicular  b  c. 

BY  CONSTRUCTION. 

Draw  the  line  a  b  of  any  length,  and  make  90°  00* 

the  angle  at  a  56°  Stf  (Problem  XII.  Geom&-  Angle  a  56   30 
try) ;  from  a  to  c  lay  off  370,  the  length  of  the 
hypothenuse,  taken  from  any  convement  scale  Angle  o  33  30 
of  equal  parts,  and  from  the  point  c  let  fall  the 
perpendicular  c  b  (Prob.  III.  Geom.);  ^en  ^ 

a  B  c  is  the  triangle  required :    the  base  a  b,  *"> 

measured  on  the  same  scale  of  equal  parts  by 
which  the  hypothenuse  was  measured,  will  be 
S04. 9,  and  the  perpendicular  B  c  808. 5-  r  ■, 


BY  CALCULATION. 

Making  the  hypothenuse  radius,  a  b  will  be  the  sine  of  angle  c,  and 
c  B  the  Bine  of  angle  a  ;  then, 


Tojnd  the  Bate  a  b. 
As  radius  10. 00000 

Is  to  hypoth.  AC  370  2. 56820 

So  is  sine  ang.  c  33°  30"      9. 74189 


To^nd  the  Perpendicutar  B  o. 
As  radina  10. 00000 

Is  to  hypoth.  AC  370  2. 56830 

So  is  sine  ang.  a  56°  30*        9. 93111 


To  the  hose  ab  204. 2  2. 31009     To  the  perpend,  bc  308.  S     2l  46931 
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Making  the  base  ndius,  b  c  will  be  the  tangent,  and  a  c  the  secant 
of  angle  a  ;  then 


Tojlitd  the  Bate. 
Aawaof  ang.ASff'SO'      10.35811 
!■  to  hypoth.  ao  370  3. 56890 

So  U  radios  10. 00000 


To  the  base  as  201 3 


13.56820 
10. 268U 


Tojnd  Iht  Perpenduxlar. 
As  sac.  of  ang.  A  SO"  Sa       10. 26811 
Ib  to  hypoth.  AC  370  3.56820 

So  is  tan.  of  ang.  A  56°  W     10. 17023 


13. 747-^ 
10.  258U 


To  the  perpend,  bo  3 


Making  the  perpendicular  radius,  a  b  wiU  be  the  tangent,  and  a  c  the 
secant,  of  an^  c ;  then, 


As  lec  of  ang.  0  33°  30 
Is  to  hjpotfa.  AC  370 
So  is  tan.  ang.  c  33°  30 


10.07889 
2.56820 
9.82078 


13.38898 
10.07889 


To  find  the  Perpeniiicular. 
As  sec.  of  ang.  c  33°  3ff       10. 07889 
la  to  hypoth.  a  c  370  3.  56S20 

So  is  radius  10. 00000 


12.  E 


To  the  perpend,  b  c  308. 5    2. 48931 


BY  OUNTER'S  SCALE.* 

Ist.  Extend  the  compassea  &om  radius-f-,  or  90°,  to  angle  c  SS^  SO'  on 
the  line  of  eines,  and  that  extent  irill  reach  from  the  hypothenuse  370  to 
S04. 2,  the  measure  of  the  base,  on  the  line  of  numbers 

Sdly.  Extend  the  compasses  from  radius,  or  90°,  to  angle  a  56°  SO*  on 
the  line  of  sines,  and  that  extent  will  reach  &om  the  hypothenuse  370  to 
S08. 5,  the  measure  of  the  perpeodiailar,  on  the  line  of  numbers. 


*  In  wooing  the  wvenl  Cue>  b;  Ounler'*  Sait, «« iliall  always  nippOM  the  hypotbeniite 
ndiu,  vbcre  ft  on  b«  done,  being  the  moit  ilmpte  of  the  three. 

t  Kadlni,  on  Guntet'i  Seals,  ii  cdllier  8  potnM  on  tlia  line  of  line  rhumbi,  4  pojnu  od  the 
Bmrfttagept  Aambe,  IW  ilegresi  on  the  Uneof  iliMe,or  4Sd«gi«eionth«Hned 
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CASE    11. 

7%«  Jngkt  and  one  of  the  Legt  given,  tojind  Ae  ffffpotkaittee 
and  the  other  Leg. 

Example.    Given  the  bue  a  b  625,  and  the  ragle  a  48°  45',  to  find 
the  hjrpothenuae  a  c,  and  the  perpendicuUr  b  c. 

BY  CONSTRUCTION. 
Dnw  the  baae  a  b,  which  make  equal  to 
GStS,  taken  &om  a  scale  of  equal  parts ;  and  Ang. 
upon  B  erect  the  perpendicular  b  c  (Prob.  II. 
or  XII.  Geom.) ;  make  the  angle  a  equal  to  Ang. 
48°  4fi'  (Prob.  XII.  Geom.),  and  draw  the 
hypothenuse  a  c  to  cut  the  perpendicular  b  c 
in  the  pcnnt  c ;  then  a  c,  measured  on  the 
•ame  scale  of  equal  parts  that  a  b  was,  will  be 
MT9,andac71«.7. 


80°  0* 
.a48   45 

4 

.0  41    15    / 

/>•- 

^' 

/^"M 

*, 

BY  CALCULATION. 

Making  dte  hypothenuse  radius,  a  b  will  be  the  sine  <^  ftn^e  c,  and  c  b 
the  sine  of  an^  a  ;  then, 

To^nd  the  Perpendteutar 
ls  une  of  ang.  c  41°  16'       9. 81911 
itothetNue  ab625  2-79588 

oiaaineofong.  a48°4S'       9.876IS 


ToJlnd  the  Hypotheiuue. 
As  sine  of  sng.  c  41°  15'       9. 81911 
Is  to  the  base  ab  825  2. 79688 

So  is  radios  10. 00000 


To  the  bypath,  a  c  94?.  9       2. 97677  j  To  the  perpend,  b  c  71 2.  7      2.  f 


Making  the  base  radius,  bc  will  be  the  tangent,  and  ac  the  secant, 
of  angle  a  ;  then. 


Tojnd  Ike  HypolkenuMe. 
As  radius  10. 00000 

Is  to  the  base  a n  625  2.70588 

So  is  the  seo.  of  ang.  A4e°45'  10. 18080 


Tothehypoth.Ac947.9      2.97677 


Tojind  Ike  Perpeitdicvlar. 
As  ndius  la  00000 

Is  to  the  base  a  b  035  2. 79688 

SoUtaa.ofaiig.A4e°45'     10.06701 


13.8 


To  the  perpMd.  b  o  712-  7     2. 85889 
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Haiang  the  peipenAculw  tsAiu,  a  b  vill  be  tangent,  and  a  c  Becant,  of 
angle  c ;  then, 


As  tang,  of  ang.  a  41°  IS*    9. 9^99 
btotbebMAsSaS  3.79588 

SsHNc  of  ang.  D  41°  Iff  10.12387 


12.91975 


T»  tfai  lajpoth.  i,  o  947. »       3. 97676 


Tojind  the  Perpendicular. 
Aa  tang,  of  ang.  o  41°  15'    9. 94299 
Is  to  the  baaa  AS  ^5  3-79588 

80  is  radius  la  00000 


To  the  perpend.  bo71S.7     3.85389 


BY  aiTNTER'g  SCALE. 

lit  Extend  the  compasses  ftom  an^  c  41°  W  to  radiui,  <tt  90°  on  the 
line  of  smes,  and  that  extent  will  reach  trova  the  base  626  to  the  hypothenuse 
94?.  9  <»i  the  Hoe  of  oumbers. 

Sdlj.  Extend  the  compasses  from  angle  c  41°  15*  to  angle  a  48°  45'  on 
die  line  of  ranee,  and  that  extent  will  reach  firom  the  base  &tS  to  the  perpen- 
dieolar  71S.  7  on  the  line  of  oiunberB. 


7%e  Sypothentue  and  one  Leg  given,  to  Jind  the  Angles 
and  the  other  Leg. 

ExAiiPLE.    Given  the  hypothenuse  a  c  400,  and  the  baae  b  a  2: 
reqimed  the  an^es  a  and  c,  and  the  perpendicular  b  c. 

BY  CONSTRUCTION. 

Draw  the  base  b  a,  which  make  equal  to  236 ; 
upon  B  erect  the  perpendicular  b  c,  (Piob.  II. 
or  XII.  Geom.),  and  taking  the  distance  4<X>  in 
die  Goapasses,  i^ace  one  foot  in  a,  and  let  the 
oAm  fast  ecws  n  0  in  c,  and  draw  the  line  a  c  ; 
then  win  the  perpendicular  b  c  measure  323,  the 
•^llec8^9',aodlheai^A6r51'  (Prob. 
Xin.  Geom.) 
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BY  CALCULATION. 

Making  the  bypothenuM  ndiua,  a  a  will  be  the  nne  of  an^  c,  and  b  c 
the  sbe  of  angle  a  ;  tfaeD, 

Tojnd  the  Am^.  Tojnd  the  Pa^mdkmlar, 

Ast]iehyi)oth.Aa400  9.60306  A*»ditu  10.00000 

Iitonditu  10.00000  Iatotliehrpoth.Ao400        3.00906 

SoitthelNMBAaSO  2.37391  So  ia  nne  of  ang.  a63°  51'    9.90713 


ia.373&i 

S.  60206 

Tothep«i»id.>o393 

19.HN19 
10.00000 

To  line  of  US.  a  3»'   » 

8.77066 

9.n»ll) 

AngkA  63  61 

Making  the  base  radius,  acwiU  be  the  tangent,  and  a  c  the  secant,  of 
angle  a  ;  then. 


Tojind  the  AngUt. 
Ai  the  bBM  B  A  336  3. 37291 

Ii  to  radiiu  10. 00000 

So  ii  the  bypoth.  400  2. 60206 


An^flSO    d 


13.60306 
3.37291 


Tojind  ike  Perpendicular. 
M  radius  10.  00000 

la  to  the  biwe  b  a  236  2. 37301 

SoUtan.  of  BDg.  a£3°51'    10.13635 


To  the  perpend,  bc  333 


BY  OUNTER'S  SCALE. 

lat  Extend  from  the  bypothenuse  400  to  the  base  256  OQ  the  line  of 
mtmbers,  and  that  extent  will  reach  from  radius  ^  to  ai^le  c  86°  9  mi 
the  line  of  sinee ;  hence  die  angle  a  mQ  be  SSP  51'. 

Sdlv.  Extend  from  radius  90°  to  angle  A  63°  51'  on  the  line  of  nnes, 
and  tnat  extent  will  reach  from  the  h7^>thenuse  400  to  the  perpendicular 
USA  on  the  line  of  numbers. 

Note.  The  perpendicular  may  be  fbund,  independent  of  the  angles, 
thus :  subtract  uie  square  of  the  base  from  the  square  of  the  hypothenuse ; . 
the  square  root  of  ue  remainder  inll  be  the  length  of  the  perpendicular 
required. 
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CASE  IV. 

7^  Ba4«  and  Perpendicaiar  given,  tofatd  the  Anglee  and  the 

Hypothemue. 

ExAMPLL    Given  the  base  ba  35. 5,  and  the  perpen^cular  a  c  41.6; 

nqniied  the  m^t»  a  and  c,  and  the  hypodienun  a  c. 

c 
BY  CONSraUCTION. 

Dnw  the  line  s  a,  and  upon  s  nuse  the 
pe^ewBcuIar  a  c  (Prob.  II.  or  XII.  Geom.); 
BikeBA  equal  to  S5. 5,  and  a  c  equal  to  41.6, 
Hid  draw  the  line  a  c  ;  then  the  hjrpothenuie 
A  c  will  measDre  54.  7,  the  angle  a  49°  SI', 
and  the  angle  c  WaV  (Fiob.  XIII.  Geom.). 

BY  CALCULATION.  MJ 

Making  the  base  radius,  b  c  will  be  the  tangent,  and  a  c  the 
secant,  of  angle  a. 


Tojind  t}u  Angle*. 
A«  the  base  B  A  35.6  1.55033 

btoradhu  10.00000 

Soil  the  perpend.  BO  41.6    1.61909 


To  tan.  ei  ang.  i 


49°  31' 
90  00 


Aii^c40  29 


Tojind  tie  Hypolhemuf. 


As  radius 
iBtotheboMBASS.  6 
Soiatecofang.  A4g°31' 


10.00000 
1.65033 

10. 18700 


To  the  hTpotb.  a  o  54. 68       1. 73783 


Making  the  perpendicular  radius,  b  a  will  be  the  tangent,  and  a  c  the 
secant,  of  angle  C. 


Tojlnd  the  Angle*. 
As  the  perpend.  BO  41. 6      1 
la  to  ndius  10 

So  is  the  bases  A  35.6  1 


To  tan.  of  ang.c40°2»' 
90  00 

Angle  A  40  31 


Tofnd  the  IfypotheMue. 
AsradiBB  la  00000 

la  to  perpend,  bo  41.6  I.61M0 

So  Is  sec.  of  ang.  o  40°  SO'    10.11885 


To  the  hypoth.  ao  54  09       1-  737B4 
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BT  GUMT^t'ft  SCALE. 
1st.  Eiimid  Ihtf  oompMsn  from  lite  bue  86. 6  to  the  t 


mpMsn  Bern  ^      . 

41 .  6  on  the  line  of  numbers,  and  that  extent  will  reach  &om  taoiua  45°  to 
angle  a  49°  SI'  on  the  line  o(  tanseau* :  hence  a^e  c  iriH  be  40°  Sff- 
_  Sdly.    Extend  the  compasses  Rom  axt^e  c  40°  ^  to  la^us  90°  on  die 
line  «  sines,  and  that  extent  vill  lescE  mm  the  base  35. 5  to  die  faypothe- 
nuse  54. 68  on  the  line  of  numbers. 

BXAHPLES  FOa  EXEBCUB. 

1.  Given  the  bypodienuse  JOA,  and  the  angle  (qipodte  the  pcrpeodietdar 
25°  Se  i  nqmred  Uie  base  and  perpendicular. 

Answer.  The  base  is  97.  4,  and  the  perpendicular  46. 66. 

2.  Giren  the  base  96,  and  ita  opposite  an^e  7t°  4J? ;  required  the  pes^ 
pendicular  and  the  hypothentlse. 

Answer.  The  perpendicular  Is  81. 66,  and  die  hypotbenuee  101. 1. 
S.  Giret)  the  perpendiculsi  860,  and  its  opposite  angle  58°  SO ;  leqilhed 
the  base  and  the  bypothenuse. 

Answer.  The  base  b  232,  and  die  hypothenuse  428. 

4.  Given  tfae  base  720,  and  the  hypodienuse  980 ;  required  the  angles 
and  the  peipendicular. 

Answer.  The  angles  are  4T  17  and  42°  4S',  and  the  perpenfculv 

664.  a 

5.  Given  the  perpendicular  110. 8,  and  the  hypothenuse  176. 5;  required 
the  angles  and  uie  oase. 

Answer.  The  angles  are  88°  41'  and  51°  19^,  and  the  bate  187. 8 

6.  Given  the  base  360,  and  the  perpendioular  480 ;  required  the  an^ea 
and  the  hypothenuse. 

Answer.  The  an^  are  53"  8'  and  86°  52,  and  the  hypothenuse  600. 

7.  Given  the  base  346.  5,  and  tlie  adjacent  angle  35°  24' ;  required  the 
perpendicular  and  hypothenuse. 

Answer.  The  perpendicular  246-  2,  and  the  hypothenuse  425. 1. 

8.  Gii«tt  the  hypothenuse  36. 5,  and  the  angle  opposite  the  beae  65°  16*; 


required  the  perpendicular  and  base. 
Answer.  'The  perpendicul 


e  perpendicular  15.  28,  and  the  base  83. 15. 
9-  Given  the  peroendiculu  725,  and  the  adjacent  angle  21*  86* ;  required 
the  base  and  hypoui«)uae. 
'  Answer.  The  base  287- 1,  and  the  hypothenuse  779. 8. 

10.  Given  the  base  82.  76,  and  the  hypothmoae  56. 95;  nqnired  the 
an^es  and  the  perpendicular. 

Answer.  The  angles  are  36°  T  and. 54°  GS!,  and  the  petpendicnlar 
46.  58. 

■  The  Mina  point  i«pitMnu  both  49°  31'  uid  40°  Stt* ;  bnt  u  the  tkicd  tirm  ii  BMir«  than 
the  Gnt,  thi  angle  a,  or  fourth  tenn,  will  coiuequeiitl;  be  more  than  40°,  whidi  is  radhu, 
or  •!>•  uHiod  term  on  the  line  of  langenU. 


rLAHB  TMAOIWllKTItT.  IB 

1 1 .  Given  die  perpoodiculju'  98.  4-,  and  the  hjpothenaee  lOJSi  required 
Ae  ui^es  ind  the  base. 

Answer.  The  angles  are  5°  «4'  uad  8*' 98,  tmi  the  blue  1009. 

12.  Given  the  base  4007,  and  the  perpeAdicuIar  SftSli  required  the 
an^es  snd  the  hypothenose. 

Answer.  The  angles  are  35"  ST  and  54°  38*,  and  Uie  hypot^iaiuse  5606. 


OBLIQUE-ANGLED  TRIGONOMETRY. 

RULES 

For  oomputiiig  the  ^dea  and  Angles  of  Oblique-angled  Trian^es. 

I.  Whgm  ttco  of  the  three  given  Porta  are  a  Side,  and  Ua  itpponte  Angle. 

To  find  a  Side. 

As  the  sine  of  any  nven  an^ 

Is  to  its  opposite  sioe, 

So  is  tbe  sme  of  any  other  pvea  angle 

To  its  opposite  side. 

To  find  an  Angle. 

As  any  ^ven  dde 

Is  to  we  sine  of  its  <^podte  an^s, 

So  is  any  other  ^ven  side 

To  ^e  sine  of  its  oppoeate  angle. 

When  the  given  nde,  opposite  the  given  angle,  is  greater  than  the  other 
iven  nde,  then  the  angle  opposite  that  other  given  side,  is  always  acute; 
mt  when  the  ^ven  si&,  opposite  the  given  angle,  is  less  than  die  other 
given  side,  then  the  angle  opporite  diat  oraer  given  side  may  be  either  acate 
or  obtuse,  which.conaequently  must  be  determined  from  the  nature  of  the 
triangle. 

II.  When  two  Sidea  and  the  Angle  contained  between  them  are  gmem 

As  the  sum  of  the  two  ^ven  sides 

Ib  to  their  difference. 

So  is  the  tangent  of  half  die  sum  of  the  unknown  an^ea 

To  die  tangent  (d  half  their  difference : 

This  half  tiUfibrence  added  to  half  die  sum  of  the  imknown  angles,  gives 
the  greater  angle,  and  subtracted,  leaves  the  less  anrie.  The  a^lea  bdng 
thus  aO  known,  the  renudning  ude  is  to  be  found  by  Buk  I. 


bill 
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III.  What  the  three  Sides  are  given,  to^nd  the  Jrtgtet. 

As  tbe  base,  or  neatest  aide, 

Is  to  the  sum  of  the  other  tvo  aides,' 

So  IB  the  difference  of  those  sides. 

To  the  difference  of  the  segments  made  by  • ' 

let  &11  from  the  greatest  ai^e  upon  tbe  1 

Then  half  this  diKrence  added  to  half  the  Bum  of  the  8^«.«.»— ™i* 

is,  half  the  base— civea  the  giwiter  s^ment,  and  subtracted,  gives  One  lesa 

s^ment.    Hence  the  trianrfe  will  be  divided  into  two  ri(^t-<ngled  triandes, 

in  each  of  which  there  will  be  pven  the  hypothenufle  and  the  base,  to  find 

the  other  angles,  which  may  be  done  by  Rule  I.,  w  by  those  in  Riidii. 

angled  Trigonometry.  * 


The  Angle*  and  one  Side  given,  tofnd  the  other  Side*. 

ExAiiPLB.     Given  die  angle  a  86°  IS",  the  angle  a  105°  Sff,  i 
side  A 1 53 ;  requited  tbe  mdes  a'c  and  b  c. 

BY  CONSTRDCTION. 

Ang-A  36°  15- 

Aug.  B 105  30 

Draw  the  line  a  b,  and  make  it    8un,     14]  45 

eoual  to  58;  make  the  angle  bac  ]8o  oo 

Sff-lS',  andtheanglcABc  lOfi^SC,  

(Prob.  XII.  Geom.J,  and  draw  the    Ang.  o   38  15 
lines  A  c  and  b  c  dll  they  meet  in  c ; 
then  A  c   wiQ  measme  82. 5,   and 
Bc50.6a. 


BY  CALCULATION. 


Tojind  Ike  Side  a  c  iy  Rule  I. 
As  une  (tf  ang.  c  38°  15'         9.  79176 
Is  to  the  side  A  B  53  1.  73428 

So  is  sine  of  sng.  b"  105°  39  9. 98391 


II.7O8I9 
9.79178 


To  tbe  ride  A  o  83. 6 


Tojind  the  ^de  bo  by  Ruk  I. 
As  sine  of  sng.  0  38°  15'         9.  79178 
Ib  to  the  Bide  a  b  53  1. 73438 

So  is  sine  of  sng.  a  39>  15'    9. 77181 

11.49609 
9.7SI78 

Totheside  Bo50.fl2  1-70433 


V  of  finding  the  iog.  aiue  of  106°  30',  lee  Expltution  of  Tabk  XXV. 


FIANE  TBIflONOKSTIirf 


BY  GVNTEB'S  8CAX£. 

1st.  Extend  the  compasses  from  the  xngle  c  38°  IS'  to  74'*  SO*,  the 
sapidoDent  of  aa^  b,  on  the  line  of  unes,  snd  that  extent  will  reach  firom 
the  aide  a  b  58  to  the  side  ac  8S.  S  on  the  line  of  numbers. 

Sd.  £xteiidthecompassea&omtheanglec38°lS' totheangle  A  36°15' 
on  the  line  of  sines,  and  that  extent  will  reach  &oin  the  side  a  b  58  to  the 
nde  B  c  50.  6  on  the  line  of  numbers. 

CASE  II. 

Tko  iSSdM  and  an  Angle  oppotite  one  of  them  given,  tojind  the  other 

Jngiea  and  the  third  Side. 

ExAHFLK.  Given  die  mde  a  b  3S6,  the  side  b  c  S6£,  and  the  angle  a 
^ffiSt;  rcqidied  the  angles  b  and  c,  and  the  side  a  c. 

BY  CONSTRUCTION. 

Dnw  the  line  a  b,  which  make  equal  to  S36 ; 
draw  the  line  a  c  so  as  to  make  an  aiu^  of 
^  90  with  A  B  (Prob.  XII.  Geom.) ;  t^e  the 
length  of  b  c  in  the  compasses,  and  setting  one 
&ot  in  b,  let  the  other  cut  the  line  a  c  in  c, 
and  draw  the  line  s  c ;  then  the  angle  b  will 
measure  84°  86',  the  angle  c  45°  58'  (Prob- 
XIII.  Geom.),  and  the  ode  a  c  465. 3- 

BY  CALCni^TION. 


Tojittd  the  An^  o  ^  Ruk  T. 
AitherideBo355  S.55023 

Ii  to  sue  of  ang.  a  ^  Sff    9. 88061 
So  is  the  aide  a  B  336  S.6S634 


12.40695 
2.55023 

To  due  of  BUS.  o  46°  Sff 
Aof-A  49   26 

Stim      95   24 
180   00 

9.85672 

Tojind  the  Side  ao  hy  Rule  I. 
Aa  line  of  BDg.  A  49°  ae*      9. 88061 
la  to  tbe  side  bo  355  S.  55023 

SoiBimeofang.B84'3e'    9.99807 


Ang.B84   36 

BY  GUNTER'S  SCALE. 
lit  Extend  the  compasses  from  the  nde  b  c  355  to  the  side  a  b  SS6  on 
die  line  of  numbers,  and  that  extent  will  reach  Irom  angle  a  49°  9ff  to 
■ogle  c  45"  58*  on  the  line  of  sines ;  hence  the  angle  b  is  84°  90. 
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48     '  PLAbB  THeoMOHETSr. 

Sd.  Extend  the  comptMes  ftoa  tbe  snf^  a  49°  9G^  to  the  angle 
B  84°  30*  OD  the  Une  of  sines ;  and  that  extent  will  reach  ftom  the  oie 
B  c  365  to  die  side  a  c  465. 3  on  the  line  of  narabera. 


7*100  Sidet  and  thetr  contained  Angie  given,  iojind  the  other  Angtes 
and  the  third  Side. 

EzAMFLB.    Gives  the  side  a  b  85,  die  ode  ac  47,  and  the   angle 
ASm'  40:  nqiaied  the  angUe  c  and  b,  and  the  eide  b  c. 

BY  coAs^ktrenoN. 

Draw  the  Ene  a  b,  and  m^e  it  „ 

equal  to  86 ;  at  A  make  the  angle 
B  A  c  52°  40*  (Prob.  XII.  Geoin.) ; 
firom  A  to  c  lay  off  47,  and  draw 
the  line  b  c  ;  then  a  b  c  is  the  tri- 
angle required;  the  angle  b  will 
measure  S3°  !i9',  the  angle  c  93°  6l' 
(Prob.  XIII.  Geom.)>  and  the  side 
Bc67.7. 

SV  CALCULATION. 
Tojnd  the  Angles  by  Rule  II. 


aUcAi    89 
Side  10    47 

Sum        139 

ISO 
59 

Off 
40 

As  tbe  sum  of  tlie  Bidea  A  B,  A  c,  133 
I>  to  tlidr  diirereiee                  38 

To  tmig.  of  lidf  tkeir  dilf.  30"  11' 
Sam  gives  the  greater  aiig.c  93  51 
Die  gires  the  leu  aiig.  B    33  99 

aiaojj 

1.57978 
10.30643 

m.       38 

11.88t« 
9.1905? 

9.76464 

SiunofBiig.Bftol27 

90 

H>If>iim 

63 

40 

To^fd  the  Side  scbg  RtiU  I. 
Assineofang.B    33°  Sd*    9.74170 
Is  to  the  side  a  o  47     1. 67S10 

So  is  line  of  angle  A  53°  40'   9.90043 

11.67358 
9.74170 
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NoTK.  This  tnaogte  may  be  solved  by  letting  &1I  «  peipcnificuUr  from 
the  angle  c  aa  the  aide  a  b,  which  wiQ  divide  it  into  two  light-sngled 
tmofflea ;  then  with  the  hypo^ienuse  a  c  and  aD|;le  a  6nd  the  perpendicuJtir 
and  tne  bue,  which  base  subtracted  from  the  aide  a  b,  will  leave  the  base 
of  the  other  triangle;  then,  with  the  perpendicular  and  base  £nd  the  angle  a, 
which  added  to  angle  a,  and  their  sum  subtracted  from  180°,  will  give 
^  angle  c,  and  with  one  of  the  angles  and  its  opposite  side  find  the 
ndefic. 

BY  OUNTEB'S  SCALE. 

lit.  Extend  tlie  compMses  from  the  aura  of  the  two  ndea  1S2  to  their 
fffetence  38 ;  that  extent  will  reach  &om  4^  to  a  division*  (16°  4')  on 
the  hne  of  tangents ;  then,  the  extent  from  this  division  to  half  the  sum  of 
the  unknown  aiwles  63°  W,  will  reach  from  45°  to  half  their  difference 
80°  11'  on  the  One  of  tangents,  by  which  the  ftnglea  may  be  found  as 
above. 

Hd.  Extend  from  ai^le  b  33°  9&  to  angle  a  5S°  40*  on  the  line  of  sines; 
that  extent  will  reach  from  the  aide  a  r  47  to  the  side  b  c  67.  7  on  the  line 
of  numbers. 


CASE  IV. 

The  three  Sidea  given,  to  find  the  Jnglea. 

ExAKPLB.    Given  the  side  a  b  157,  the  side  b  c  110,  and  the  side  ac  8 
to  find  the  an^es  a,  b,  and  c. 

BY  CONSTRUCTION. 
Draw  the  line  a  b,  which  make 
equal  to  157;  take  die  length  of  a  c 
88  in  the  compasses,  and  with  one 
foot  on  A  deecnbe  the  arch  c ;  then, 
with  tht  lengd)  of  c  h  110  in  the 
compasses,  and  one  foot  in  b,  de- 
acnbe  an  arch  cutting  the  former  in 
c,  to  which  draw  the  lines  a  c  and 
B  c ;  then  a  b  c  is  the  trian^e  re- 
quired; the  angle  A  will  measure 
4£°  i^,  the  an^  b  88°  53',  and  the 
anglecl04°23'(Prob.XIII.Geom.) 


*  Tha  naoiity  of  noting  tbii  diTidon  ului  {ram  the  Una  of  tanniit*  bging  T«>d  off  from 
il^  to  Uft  ■bore  4G<',  iaiMd  of  being  reekoaed  tm  Kmardi  tha  ngbt ;  hence,  In  thii  cue 
th>  point  of  th«  oonipwtea  fallinf  nkhout  the  Rule,  tha  dutanoe  betwMn  thia  divlilon  and 
BV*  W  gJTw  the  extent  ebore  4S°,  which  being  applied  to  4fi°  ba^wardi,  fUli  npnn  the 
•Uie  diruion  it  would  if  the  line  were  eontinu^  to  the  right. 
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FLAKE  TBIQONOHBTBY. 

BY  CALCULATION. 

Tojnd  the  SegmenU  AO,o»,ly  Bttle  III. 

As  the  base  or  gre&tert  side  a  b,  167 
Is  to  the  sum  of  the  sides  a  o,  b  c,  198 
So  is  the  diff.  of  the  sides  ac,  bc,     23 


3.19590 
2.S0B6e 
1.34S43 


To  the  diff.  of  the  s^menU  a  d,  d  b  27-74 

Half  the  diff.  of  the  sccmenta  13. 87 

Half  their  sum,  or  of  the  base  ab    78.5 

Sum  gives  the  greater  segment  d  b  92. 37 

Diff.  gives  the  Ibm  segment  ad        64. 63 

To  Jtnd  the  AngUi  hy  RuU  I. 


Astheside  AC  88  1.94448 

Is  to  radius,  or  (dne  90°        10.  00000 
Soiathose^eDtAD64.63    1.81043 


ToBiieofwig.AOD4ri6'    9.86696 
90  OQ 


Astheude  bg  110  3.04139 

Is  to  radius,  or  sine  90°        10.  00000 
So  is  the  segment  DB  92. 37    1.96553 


Angle  CAD  42  44 

Sum  gives  An^e  acb  104  23 


To  sine  of  ang.  bcd  67°  7'    9. 92414 
9000 

Ang.  ACD  47°16'  

Ang.  BCD  67    7     Ang.  CBD  33  53 


BY  OUNTER'S  SCALE. 

IsL  Extend  the  compasses  from  the  base  157  to  the  sum  of  die  two 
ffldes  198  on  the  line  of  numbers ;  that  extent  will  reach  from  the  difTerence 
of  the  mdes  33,  to  the  diiFerence  of  the  segments  27. 7  i  hence  the  a^ments 
will  be  found  as  above. 

2d.  Extend  the  compwaes  from  the  side  a  c  88,  to  the  lesser  segment 
A  D  64-  6  on  the  line  of  numbers ;  that  extent  will  reach  from  90^  to  the 
at^e  A  c  D  47°  16'  on  the  line  of  sines ;  hence  the  ang^e  c  a  d  is  42°  44'. 

8d.  Extend  the  compasses  from  the  nde  c  b  110  to  the  greater  segment 
92. 4;  that  extent  will  reach  from  90°  to  the  angle  D  c  b  57°  7'  on  the 
line  of  sines ;  hence  the  angle  c  b  n  is  32°  63' 
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PLANE  TBIGOXOHSTRY. 


EXAMPLES  FOR  EXERCISE. 


1.  Given  one  «de  129,  aa  adjacent  angle  Sff'  30*,  and  the  operate  angle 
8V  36':  required  the  third  ang\e  and  the  remaining  ndes. 

Answer.  The  third  angle  is  41°  54/,  and  the  remaining  aides  are  108. 7 
and  87. 08. 

2.  Given  one  side  96-  5,  another  side  59. 7,  and  the  an^  opposite  the 
litter  dde  31°  SC:  required  the  remuning  angles  and  the  thira  side. 

Answer.  Tbb  question  is  ambiguous,  the  given  side  opposite  the  raven 
■n^  being  less  than  the  other  given  side  (see  Rule  I.);  hence,  a  the 
angle  opposite  the  side  96.  She  acute,  it  will  be  67°  38',  the  remiuiuDg 
angle  g(P  53',  and  the  third  side  114.2;  but  if  the  angle  opponte  the 
s^  96. 5  be  obtuse,  it  wiU  be  198°  23',  the  remaining  angle  2G°  8',  and 
tbe  third  side  50. 32. 

8-  Given  one  side  110,  another  side  102,  and  the  contained  angle 
118^  3& :  regmred  the  remaining  angles  and  the  third  side. 

Answer.  -  The  remaining  angles  are  34^  37'  and  31°  47',  and  the  third 
nde  is  177-  B. 

4.  Giventbethreesidesrespectively,  120. 6,  125.5,  and  146. 7:  required 
theandes. 

Answer.    The  angles  are  51°  53',  64°  58',  and  7S°  9'- 

5.  Given  one  dde  684.  5,  another  side  496-  7,  and  the  angle  opponte 
the  latter  side  40°  68':  required  the  remaining  angles  and  the  third  side. 

Answer.  If  the  angle  opposite  the  former  side  be  acute,  the  remaining 
ai^lei  will  be  64°  37'  and  74°  26',  and  the  third  side  729.  8 ;  but  if  obtuse, 
the  angles  inll  be  llfP  23'  and  23°  39'  and  the  third  side  303.  9. 

6.  Given  one  rade  117.  S,  another  side  96.  66,  and  the  contuned  angle 
67°  30' :  required  the  remaining  angles  and  the  third  side. 

Answer.  The  remaining  an^es  are  64°  41'  and  47°  49',  and  the  third 
nde  120.  4. 

7.  Given  the  three  rades  87. 6,  66.  2,  and  41.3:  required  the  angles. 
Answer.    The  angles  are  25°  24',  46°  ^,  and  108P 16'. 

8.  Given  one  side  80,  an  adjacent  angle  40°,  and  the  sum  of  the  other 
ndes  130:  required  the  remtunmg  angles  and  the  other  ndes. 

Answer.  The  remuning  angles  are  66°  22',  and  7^  38',  and  the  sides 
53.6  and  7&  4. 

9.  Given  one  dde  564,  its  onposite  angle  66°  30',  and  the  sum  of  the 
other  sides  1046  (one  of  the  aqjacent  angles  being  obtuse) :  required  the 
remaining  angles  and  the  other  sides. 

Answer.  The  remainingan^esare90°22'and  33°  8',  and  the  sides  676. 3 
and  369.  7. 

10.  Given  one  side  36. 5,  the  opposite  angle  15^30',  and  the  difTerence 
of  the  other  sides  18 :  required  the  remaining  angles  and  the  other  sides. 

Answer.  TheremuninganrieBarelll°8O'and53°O',andthe0ideB  127.1 
and  109. 1. 
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GEOGRAPHY  is  r  descripiioii  of  the  (irure,  m^nittide,  tad  pontion 
of  the  Mveral  parts  of  the  eurface  of  the  eBith. 

OF  THE  PIOUBE  AND  UAQNITUDB  OF  THE  EARTH. 

Varioua  opinions  were  entertuocd  hy  the  ancients  respecting  the  figun 
'     earth.    Soi      •       ■     .   ■.  .  ,   ,  . 


of  the  earth.  Some  imi^ned  it  an  immenK  plane  surrounded  by 
impasaable  ocean ;  others,  that  it  vas  cylindrical  i  and  some  that  it  wu  t 
qihere  or  globe :  which  last  opinion  is  now  ascertained  to  be  nevly  the 
truth.  The  most  obvious  at  the  several  aivuments  which  prove  the 
apheiidty  of  the  earth,  and  what  must  particularly  strike  even  mariner, 
are,  that  when  approaching  the  shores  of  countries,  the  points  of  high  rocki, 
lighthouses,  steeples  of  churches,  and  other  tbin  but  lofty  objects,  come 
into  view  much  sooner  than  houses  or  other  buildings  of  greater  magnitude, 
but  less  height ;  in  like  manner,  when  ships  are  approaching  each  other  at 
sea,  the  masts  and  rigging  are  discerned  some  ume  before  the  hull  and  Iowa 
parts  of  the  vessel,  though  much  larger,  come  to  view.  Again,  seamen,  it 
IS  well  known,  frequently  discover  distant  lands  &om  the  tops  of  a  ship's 
masts,  long  before  tney  are  visible  to  those  who  stand  upon  deck.  These 
circumstances  prove  that  the  surface  of  the  earth  is  convex;  and  as  the 
same  appearances  happen  wherever  the  observer  is  situated,  this  convexity 
must  be  uniform :  hence  we  conclude  that  the  earth  is  globular.  The 
sphericity  of  the  earth  is  likewise  demonstrated  by  navigators  who  have 
Bwled  quite  round  it,  by  constantly  going  westward,  and  arriving  home 
from  the  eastward,  which  could  not  be  effected  were  the  earth  a  plane : 
thus  Ferdinand  M^ellan,  setting  out  on  the  west  side  of  Spun,  coDtinued 
shaping  his  course  westward  till  he  returned  home  on  the  south-easteni 
ride  <n  Spain ;  and  thus  also  have  Drake,  Dam{Mer,  Cook,  and  others, 
circumnavigated  the  earth ;  and  when,  in  addition  to  these  &cts,  it  is 
recollected  that  all  the  rules  of  Navigation  are  conformable  to  the  opinitm 
of  the  earth  being  nearly  globular,  ana  that  these  rules  never  lead  the  mariner 
into  material  error,  these  well-known  circumstances,  without  adducing  othos 
(though  others  equally  or  more  forcible  might  be  adduced),  must  sumciently 
establish  the  belief,  in  the  mind  of  every  impartial  and  comjpetent  judge, 
that  die  earth  deviates  but  very  little  in  its  form  from  that  of  a  sphere. 

Supposing  the  earth  to  be  in  the  exact  form  of  a  sphere,  any  secdon  rf 
it  made  by  a  plane  passing  through  its  centre  would  be  a  circle,  the  cir- 
cumference of  which  being  conceived  to  be  divided  into  860  equal  parti, 
called  degrees,  and  the  length  of  one  of  these  measured,  the  whole  drcuin- 
ference,  and  thence  the  diuneter,  of  the  earth,  may  be  easUy  determmed. 
For  this  purpose  several  msthemaridans  have  undertaken  the  meaauretnent 
of  a  de^ee  on  a  meridian;  and  from  the  mean  result  of  thdr  sev^tl 
admeasurements,  we  may  conclude  that  the  circumference  of  tlie  earth  ii 
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nearly  S4869,  and  its  mean  diameter  7916,  Eiu^h  mUn ;  also  tliat  one 
degree  contains  about  69-  08  English  miles,  and  that  a  nautical  or  geogra- 
phical mile  is  equal  to  6079  feet. 

On  comparison  of  the  several  admeasurements  of  a  d^tree  on  a  meridian, 
it  was  found  they  varied  in  di&rent  parts  of  the  earth .  This  circumstance, 
together  vidi  ethers  arising  from  the  principle  of  gravity,  led  to  the  belief 
that  ita  figiue  was  not  that  of  an  exact  sphere ;  and,  m  fact,  it  has  been 
proved  that  the  earth  is  flatted  at  the  poles,  similar  to  the  figure  of  an 
oraoge,  or  rather  that  its  form  is  that  of  an  oblate  spheroid,  which  is  a  solid, 
generated  by  the  rotation  of  a  semi-ellipsis  about  its  shorter  axis.  It  has 
ukewise  been  estabUshed,  that  its  polar  and  equatorial  diameters  are 
respectively  7898  and  7924  English  milea,  being  nearly  in  the  ratio  of  304 
to  305 ;  but  since  its  figure  difTers  so  little  &om  uiat  of  a  perfect  sphere,  it  is 
usual,  for  the  ease  of  cw^ulation,  to  consider  it  of  that  form,  which  approaches 
sufficiently  near  the  truth  for  almost  all  practical  purposes,  either  in 
Navigadon  or  Astronomy. 

OP  THE  NATURAL  DIVISIONS  OF  THE  EABXH. 

The  constituent  parts  of  the  earth  are  land  and  water  :  these  naturally 
£nde  ite  surface  into  various  pordona,  which  have  received  the  followii^; 
particular  terms,  according  to  their  size,  shape,  and  situation. 

A  Continent  is  a  large  tract  of  land  comprehending  several  empires, 
kingdoms,  or  countries,  not  separated  by  any  sea  or  ocean,  as  the  Continents 
of  Europe,  Aaia,  AfHca,  and  America. 

An  Island  is  a  portion  of  land  endrely  surrounded  by  water,  as  Great 
Britun  and  Ireland. 

A  Peninsula  is  a  part  of  land  nearly  encompassed  with  water,  except 
«here  it  is  joined  to  a  continent  by  a  narrow  neclcOT  point  of  land  i  as  toe 
Morea  in  uie  Mediterranean  Sea. 

An  IsTHuus  is  the  narrow  neck  of  land  joinings  peninsula  to  the  adjacent 
Isnd,  and  forms  s  communication  between  them ;  as  the  Isthmus  of  Darien, 
which  joins  North  and  South  America. 

A  PaoMONTo&Y  is  a  high  part  of  land  that  projects  into  the  sea,  and  is 
cAen  called  a  Cafe  when  the  land  is  high ;  and  when  it  has  but  little 
elevadon,  it  is  more  usually  disdnguished  by  the  name  of  a  Point  or 
Head.  Thus  the  Cape  of  Good  Hope  is  a  mountunous  promontory ; 
and  the  Lizard,  at  the  entrance  to  the  English  Channel,  a  point  or  head- 
land. 

An  Ocean  is  a  vast  collection  of  water,  separating  continents  firom  each 
other,  as  the  AUandc  and  Pacific  Oceans. 

A  Sea  is  a  smaller  collection  of  water,  communicating  with  some  adjacent 
ocean,  and  confined  by  land  within  a  narrower  space ;  as  the  Mediterranean 
and  Baltic  Seas.  This  term  is  sometimes  used  in  a  general  sense  for  the 
•hole  body  of  salt  water  on  the  terraqueous  globe, 
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A  Gnt.f  ia  a  put  of  the  sea  or  ocean  nearly  surrounded  by  land,  except 
where  it  immediately  communicates  with  the  sea ;  as  the  Gulf  of  Venice, 
in  the  Mediterranean ;  the  GiUfs  of  Finland  and  Bothnia,  in  the  Baltic  Sea. 

A  Bay  ia  such  a  fulf  or  inlet  as  does  not  run  very  deep  into  the  land ;  ai 
the  Bay  of  Biscay,  between  the  Bfaores  of  France  and  Spain,  and  the  Bay  of 
Bengal,  in  the  East  Indies.  Bays  of  a  smaller  descnption  are  frequendy 
denominated  Cbeeks,  Havens,  or  Roads,  though  the  Ust  term  is  usual^ 
applied  to  places  upon  any  coast  where  there  is  anchorage,  and  s  certun 
degree  of  protection  and  shelter  from  winds. 

A  Strait  is  a  narrow  pass^e  by  which  there  is  acommuidcationbetweai 
a  gulf  and  the  adjacent  sea,  or  which  joins  one  part  of  a  sea  or  ocean  with 
another ;  as  the  Strut  of  Gibraltar,  wbich  joins  the  MediterraDean  Sea  to 
the  Athmtic  Ocean. 

A  Lake  is  a  collection  of  water  in  an  inland  part,  and,  strictly  conaidered, 
has  no  communication  with  the  sea ;  as  the  Lake  of  Geneva.  But  this  is 
not  atwMs  attended  to,  for  many  of  the  loughs,  or  lakes,  in  Ireland  and 
Scotland,  and  those  in  North  America,  as  Lake  Superior,  Ontario,  &c.  are 
an  exception. 

OF  THE  IMAOIMARV  DIVISIONS  OF  THE  EAETH. 

Id  order  to  point  out  the  exact  relative  situation  of  places  on  the  surface 
of  the  terraqueous  globe,  geographers  are  obliged  to  imagine  certun  points, 
lines,  and  circles  belonging  thereto,  of  which  such  as  will  more  immeaistely 
enter  under  our  consideratioii,  we  shall  here  explun. 

The  Axis  is  an  imaginary  line  passing  through  die  centre  of  the  earth. 
The  extremities  of  thisline  are  called  the  Poles  :  that  which  is  nearest  to 
UB  is  called  the  Xorth  Pole,  and  its  opposite  the  Sttutk  Pole.  The  earth 
revolves  round  the  axis,  fi-om  west  to  east,  in  S4  hours,  which  causes  the 
vicissitude  of  day  and  night. 

The  Equator  is  a  great  circle  on  the  earth  equally  distant  from  the 
Poles.  It  divides  the  earth  into  two  equal  parts,  called  Hemisphxkes; 
that  having  the  North  Pole  in  its  centre,  is  called  the  If orthem  Hemisphere; 
and  the  other  the  Southern  Hemisphere. 

Meridiahs  are  imaginary  circles  on  the  earth  paanng  dirough  both  the 
Poles,  crossing  the  equator  at  right  angles,  and  dividing  the  globe  into  two 
parts,caUed  the£««*em  and  Western  Hemispheres;  or  rather,  the  meridian 
of  a  place  is  a  semicircle  passing  through  the  place,  and  terminating  at  the 
Poles,  the  remaining  half  being  called  the  opposite  Meridian ;  hence  every 
north  and  south  hue  is  part  of  a  meridian. 

It  is  ucual  for  geographers  to  fix  upon  a  meridian  passing  throiuh  some 
remarkable  place,  and  to  call  it  thefirat  Meridian:  thus,  the  British  esteem 
that  the  first  meridian  which  passes  through  the  Royal  Observatory  at 
Greenwich;  80  the  French  reckon,  for  their  first  meridian,  that  which  parses 
through  the  Royal  Observatory  at  Paris ;  the  Spaniards  that  which  paesss 
through  Cadiz,  and  some  geographers  the  meridian  of  Tencrifie.    Hence  it 
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M^Msradie  fixity  of  s  first  meridian  is  endrely  arbitnrvt  most  nfttiiois  con- 
ncfering  that  the  first  meridian  vhich  puses  through  th^  capital,  or  prio- 
dpal  obserratoiy. 

The  Horizon  is  that  apparent  dide  which  limits  or  bounds  the  view  of 
a  spectator  on  the  sea,  or  on  an  extended  plane,  the  eye  being  always  sup- 
posed in  the  centre  of  the  hoiuon.  This  circle  b  divided  into  S!i  parts, 
called  points,  for  a  description  of  which  see  Mariner's  Compass. 

The  earth  b  sometimes  divided  by  certus  circles,  parallel  to  the  equator, 
into  portions,  called  Zones;  these  are  diatingubhed  into  two  frigid,  two 
temperate,  and  one  torrid,  in  allusion  to  the  general  state  of  the  ur,  with 
respect  to  heat  and  cold,  which  prevails  in  each  of  the  situations. 

The  Frigid  Zones  are  those  regions  about  the  Poles  where  the  sun  at 
certain  times  of  the  year  does  not  rise  or  set  for  some  days ;  they  extend 
round  the  Ptdes  as  far  as  2S°  28' :  the  imaginary  circle  which  bounds  this 
limit  in  our  northern  hemisphere  is  called  the  Arctic  Polar  Circle,  and  that 
portion  of  the  globe  included  within  it,  the  North  Frigid  Zone.  Thecirde 
which  is  at  the  same  distance  ^m  the  South  Pole,  in  the  southern  hemi- 
sphere,  b  called  the  Antarctic  Polar  Circle,  and  the  space  between  it  and 
the  Pole  is  termed  the  South  Frigid  Zone. 

The  Temferate  Zones  are  thoRe  portions  of  the  earth  comprehended 
between  the  Polar  Circles,  and  two  parallel  circles  ^at  are  Sd°  S8'  distant 
&om  the  equator:  of  these  parallels,  that  in  the  northern  hemisphere  b 
called  the  'Propic  of  Cancer ;  and  the  other,  in  the  southern  hemisphere, 
the  Tropic  of  Capricorn, 

The  ToRKiD  Zone  b  the  space  included  between  the  two  tropics,  over 
every  part  of  which  the  sun  b  vertical  at  some  time  of  the  year. 

Besides  these  divisions  into  zones,  the  andents  divided  the  earth  into 
Cliuates,  which  are  spaces  contuned  between  two  parallels,  where  the 
(bfierence  in  the  longest  day  in  each  parallel  is  half  an  hour,  as  far  as  the 
Polarcircles;  andbeyondthat,  where  theydiffer  by  amonth.  They  likewise 
diatiugubhed  the  inhsbitants  by  different  names,  according  to  the  diversity 
of  shadows  of  upright  bodies  at  noon,  and  their  relative  situation  with  regard 
to  each  other ;  but  these  vague  expressions,  intended  to  ^ve  some  general 
idea  of  the  situation  of  different  countries,  have  at  length  given  way  to  the 
more  precise  terms  of  latitude  and  longitude. 


OF  LATITUDE  AND  IX)NGITODE. 

The  Latitude  of  a  place  is  its  distance  from  the  equator,  measured  by 
an  arch  of  a  meridian  contained  between  the  equator  and  the  given  place : 
it  u  called  either  north  or  south,  according  as  the  given  place  b  situated 
in  the  northern  or  southern  hemisphere.  Latitude  is  therefore  reckoned 
froni  the  equator  towards  the  Poles,  and  never  exceeds  90  degrees,  that 
bang  the  £stance  of  the  Poles  fifom  the  equator.  Hence  a  ship  in  north 
latitude  sailing  northerly,  oi  in  south  latitude  sailing  southerly,  increases 


:,  Google 


SS  GKOUBAPHT. 

her  USttA  i  bat  in  north  latitude  saiHng  southerij,  or  in  HiiHfa  I>tttnde 
■aflii^  nordierly,  she  decreUM  htt  UtittMe. 

The  Parallel  or  Latitude  of  tmy  place  is  a  cirde  pasnog  tbron^ 
that  place  parallel  to  the  equator. 

The  Difference  op  Latitude  between  any  two  placet  iaanardicfl 
meridian,  contained  between  the  parallels  of  latitude  of  those  places. 

The  Longitude  of  a  place  u  an  arch  of  the  equator  comprehended 
between  the  first  meridian  and  that  meridian  which  passes  through  the 
^ven  place.  It  is  usual  to  reckon  longitude  from  the  first  meridias, 
dtber  east  or  west,  according  as  the  ^ven  place  lies  is  the  eastern  mt 
western  hemispheres,  until  it  meet  at  the  opposite  meridian :  djerefbie 
the  longitude  of  a  place  cannot  exceed  180  d^reea,  or  a  8emidKl& 
A  ship  in  east  longitude  sailing  easterly,  or  in  west  lon^ptude  ssiliiig 
westeny,  increases  her  longitude ;  but  in  east  longitude  sailing  weeteriy,  or 
in  west  longitude  suling  easterly,  she  decreases  her  longitude. 

The  Difference  of  Longitude  between  two  places  is  an  arch  of  tht 
equator  intercepted  between  the  meridians  of  those  places,  and  oniiiit 
exceed  180  de^^s. 

PROBLEM  I. 

To  find  the  difference  of  Latitude  between  two  Placet. 

Rule.  When  the  latitudes  are  both  of  die  same  name,  that  is,  iMrthnoitb 

or  both  south,  subtract  the  less  from  the  greater,  and  the  remainder  will  bt 

the  difference  of  latitude ;  but  when  one  is  north,  and  the  other  south,  their 

sum  will  be  the  difference  of  latitude. 


ExAHPLB  I.  What  is  tlie  difference 
of  latitude  between  the  Lizard  and 
Cape  Fmisterre? 

Latitude  of  the  Lizard...  49°  58' N. 
Lat.  of  Cape  Fintaterre...  43    56  N. 


Example  II.  A  ship  from  Isdtade 
SPlfyS.  Brnves  to  latitude  9='30'N.: 
required  the  difference  of  latitude  nudt 
good- 
Latitude  left 3°  JO'S. 

Latitude  in  2    26  N. 

Diff.  of  latitude    6    36 


PROBLEM  II. 

With  the  Latitude  left,  and  the  difference  of  LaiUude,  to  find  the 
Latitude  in. 

Rule.  When  the  latitude  left,  and  difference  of  ladtude,  are  of  die  tme 
name,  their  sum  ^ves  the  laritude  in ;  but  when  they  are  of  contrary  DSOCt 
their  difference  is  the  ladtude  in,  of  the  same  name  with  the  greater. 
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XUMium  L  Aihkt  fnm  tk»  Wert 
ead  rf  Uie  laland  of  Madeira,  ia  ktt- 
tnds  33^49'  N.,  nilt  North  530  miln* : 
whit  latitade  is  she  in  ? 


Lrtitadein 41    30  N. 


BxAMFLS  U.  A^pthiwdimBM 
wu  in  ladtode  SR  ^  N.,  uibw 
since  then  Muled  Sonth  496  mttee: 
required  her  present  lodtude. 

Ltttitudaleft  3°  48'N. 

Diff.  of  brtitnde  426  or...    7      6  S. 


Lstitade  in... 


4    18  8. 


PROBLEM  lU. 


Tojtnd  the  D^hrence  of  Longiiude  between  ttoo  Places. 

RoiK.  If  the  longitiides  of  the  giveti  places  be  both  east  or  both  west, 
nibtnct  the  less  from  the  neater ;  but  if  one  be  east,  and  the  other  vest, 
add  them  tosethei,  and  the  sum  or  remainder  vill  be  the  difierenee  <£ 
longitude.  When  the  sum  of  the  tvo  longitudes  exceed  180  degrees, 
subtract  it  from  360  degrees,  and  the  remainder  will  be  the  A^rence  of 
lon^tode. 

KxAxPLB  I.  What  is  the  diffn^nce 
of  longitude  between  the  Liiard  and 
St  Mary's,  one  <rf  the  Western  Islands? 


LcngitDde  of  the  Liiard     6°  11' W. 
Lu^itade  of  St.  Maifa    36     13  W. 


Diff.  of  longitude.. 


In  miles    1303 


ExAUPLK  II.  A  ship  sailiiw  Wat- 
Ward  from  Nordi  Cape,  New  Zealand, 
arrirei  at  longitadfl  164°  47'  £■ :  re- 
quired  the  HS^ot  longitude  made  good. 
Long,  of  North  Cape  ...  173°  lO'W. 
Long,  of  ship  164    47  B. 


.  337    57 


Diff.  of  longitude. . . 


33      3 
60 


PROBLEM  IV. 

With  the  Longitude  left,  and  Difference  of  Lon^iude,  to_find 

the  Longitude  in. 

RiTT,B.  If  die  loc^tude  left,  and  difference  of  lon^tude,  be  of  contrary 
Dames,  subtract  the  less  from  the  greater,  and  the  remunder  will  be  the 
longitude  in,  of  the  same  name  with  the  greater ;  but  if  the  longitude  left, 
and  difierenee  of  lonptude,  be  of  the  same  n^ne,  their  sum  will  be  the 
longitude  in,  of  the  same  name  with  the  lon^tude  left :  if  this  sum  eKceed 
1S0°,  subtract  it  from  SfUCF,  and  the  remunder  wiU  be  the  longitude  in,  of  a 
contrary  name  to  the  longitude  left. 

■  Wbau  the  dUfennce  of  Udtnde  or  longitude  It  given  Id  mOc*,  it  b  to  be  divided  by  99, 
to  itdooe  It  M  degrew  and  miimtefc 
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ExAifPLi  1.  Suppose  a  >htp  from 
StHelenssail  eutwud  till  her  differ- 
ence of  longitude  be  220  miles :  required 
her  longitude  in. 

Ik^.  of  St.  Helena   5°  45'W. 

Diff  oflongitiidea20or...  3    40  E. 

LwgitBdeiii   3      S  W. 


BxAKPLE  II.  If  a  sfaip  from  longi- 
tude 179>  49^  W.  «aU  weatward  till 
her  difference  of  longitude  be  10°  U' 
W.,  what  ia  her  present  longitude  f 

Lragitude  left    179>  49'W. 

DiffTof  longitnde  10    14  W. 


Longitndein 172    57E. 


EXAMPLES  FOB  EXEKCISE. 

1.  Required  die  difference  of  laUtude  and  longitude  betreen  Uahut 
Island  and  Cape  Ort^al. 

Answer.  DifT.  of  latitude  281  milea;  diJF.  of  lonj^tode  168  miles. 

S.  What  is  the  difierence  of  latitude  and  longitude  between  the  Cape  rf 
Good  Hope  and  Cape  Horn, 

Answer.  Diff.  of  latitude  1297  miles;  diff.  of  longitude  5145  miles.. 

3.  Required  the  difference  of  latitude  and  longitude  between  Cape  \a3t 

ns)  and  Cape  St.  Roque. 
nswer.  DuT.  of  latitude  1811  milefl;  diff.  of  longitnde  1066  miles. 

4.  Required  the  difference  of  latitude  and  longitude  between  Port 
Jaclison,  in  New  South  Wales,  and  Karakakoa  Bay  in  Owhyhee  or  Hawaii, 
one  of  the  Sandwich  Islands. 

Answer.  DiS".  of  latitude  SI99  miles;  diff.  of  lon^tude  31 60  miles. 

5.  A  ship  from  Funchal,  in  Madeira,  satis  in  the  S.  E.  quarter  until  bef 
difierence  of  latitude  is  836  miles,  and  difference  of  longitude  4S5  milei: 
required  her  present  latitude  and  longitude. 

Answer.  Latitude  27°  12'  N. ;  longitude  9°  51'  W. 

6.  A  ship  from  latitude  2^56'  S.,  and  longitude  5°  14'  E.,  sails  norlb- 
westerly  till  her  difference  of  latitude  is  862  miles,  and  difference  of  longitude 
628  mUes :  required  her  present  latitude  and  longitude. 

Answer.  Latitude  2?  56"  N.;  longitude  6°  14  W. 

7-  A  ship  from  the  Equator,  and  longitude  89^  17'  E.,  sails  aouth-vot- 
erly  till  het  difference  of  latitude  is  S70  miles,  and  difference  of  longitude 
118  miles :  required  her  present  latitude  and  longitude. 

Answer.  Latitude  6°  10'  S. ;  longitude  87°  19'  £. 

8.  A  ship  from  Cape  East,  in  New  Zealand,  sails  in  the  N.  £.  quaita 
till  her  di^ience  of  latitude  is  114  miles,  and  difference  <^  loi^^tode 
297  miles :  required  her  present  latitude  and  longitude. 

Answer.  Latitude  35°  51'  S..  and  lon^tude  176°  27'  W. 

Note.  The  latitudes  and  longitudes  of  the  given  places  are  to  be  taka 
from  Table  LV. 
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Sc«ni;tion  mil  tXiu  of  (bt 
LOG,  HALF-MINUTE  GLASS,  AND  COMPASS. 


THE  inBtrumeDts  used  for  estiinatiiig  a  ship's  path  or  track  at  sea^  are 
the  log,  half-minute  gtaee,  and  compass. 

OF  THE  LOG  AND  HALF-MINUTE  GLASS. 

The  commoD  Loo  is  a  flat  piece  of  wood  in  the  form  of  a  quadrant,  with 
a  snfficirait  quandty  of  lead  fixed  to  the  circular  edge  to  keep  it  steady,  and 
in  a  perpendicular  position  on  the  surface  of  the  water.  To  this  is  fastened 
a  line  about  ISO  fathoms  long,  called  the  Log  Line,  which  is  divided  into 
spaces  called  Knots,  and  wound  on  a  reel,  fimm  which  it  runs  off  freely 
when  used.* 

The  Half-minute  Glass  is  of  the  same  shape  with  an  bour-glase, 
and  contains  such  a  quantity  of  sand  as  will  run  tnrough  the  hole  m  its 
ned  in  half-s-minute  of  time. 

The  use  of  these  inBtruments  is  to  ascertain  the  veloci^  of  a  ship,  or  tA 
That  rate  she  suls,  by  an  operation  called  heaving  ike  log,  which  is  per. 
formed  in  the  following  manner : — The  reel  being  held  by  one  man,  and  the 
half-minute  glass  by  another,  the  officer  of  the  watch  throws  the  log  over 
the  ship's  quarter  on  the  lee  side,  which  swimming  perpendicularly,  remains 
ttitjonary ;  snd  when  he  observes  the  fiTst  mark  is  going  over  ^e  ship's 
nde,  which  is  usually  a  red  rag  at  the  distance  of  10  oi  IS  fathoms  from 
the  log  (that  quantity,  called  slrajf  line,  being  allowed,  in  order  to  carry 
the  log  out  of  the  eddy  of  the  ship^s  wake),  he  gives  notice  to  the  man  who 
hdds  the  glass,  to  turn  it ;  and  as  soon  as  the  sand  in  the  glass  is  run  out, 
the  line  is  immediately  stopped ;  then,  the  number  of  knots  and  fiithoms 
vhich  had  run  off  at  the  expiration  of  the  glass,  being  considered  as  miles 
ud  parts,  gives  the  distance  die  ship  has  run  the  preceding  hour,  if  the 
wind  has  been  constant :  but  if  the  ^e  has  not  been  the  same  during  the 
whole  hoar,  or  time  between  heaving  the  1<^,  or  if  there  has  been  more 

_  *  Sarerel  macluDM  [■■*«  been  mrenled  for  measurios  the  diitanc«  run  byasliip  ia  a  given 
time ;  bnt  Iba  beat  of  lhei«  1i  JVoucy'i  Patent  Log.  TbU  moohiue  cOiMiata  of  two  parta  : 
I'm  Rtgi*ltr,  oonUiiuBg  a  >ysteia  of  wheel-work  conuectad  witb  the  finnn  of  thraa  levaral 
iDdexai ;  and  the  Rotator,  which  is  a  hollow  cylinder,  coade  air-tight,  with  four  ranea  placed 
M  it  obliquely,  and  faatened  bv  a  coni,  about  ilx  feet  in  length,  to  one  end  of  the  rcsfgter. 
^0  a  loqi^iole  at  the  other  end  of  the  r^iater  ia  aecured  another  line,  of  MLSdenl  length 
(30 10  60  fatbirou)  to  keep  die  machine  beyond  the  eddy  of  the  ahJp'i  wake,  which  line  ia 
"ud*  <Ht  to  the  reiKL 

When  the  log  (i  naed,  sH  the  fingen  of  the  indexea  are  Mt  at  D>  and  botb  rtgittO'  imd 
rojaUr  committed  to  the  water  ;  aa  (lie  veaael  morea  forvard  the  k^  Ibllowi,  and  from  the 
™Ut|Dily  of  thevanea,  it  ii  evident  the  rotator  rouat  revolve  quicker  or  ilower,  correipondent 
to  the  ihip'i  velocity.  Thii  rotatory  motion  ia  cominunicsteii  by  the  cord  to  the  wheel-work 
j°i>''*cled  with  the  Oogen  of  the  indem,  by  whkh  meana  the  actual  ipaoe  paaaed  through 
™  uy  giveo  time  ii  pointed  out.  Thia  log  has  been  in  me  aeveral  yeara,  particutarly  in 
Uw  Kojal  Navy.  J       -.  r-  J 
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00  <W  THE  LOG,  HALF-HINVTB  OLAtS,  AMD  COUPAU. 

nil  Kt  or  handed,  there  muat  be  an  aOowance  made  for  it,  aoconfing  to  die 

discretion  of  tlie  officer.  Sometimes^  what  the  Bhip  u  before  the  wmd,  ud 
''  a  great  sea  setting  after  her,  it  vill  bring  home  the  log ;  in  such  cues  it 
is  customary  to  3i.ow  one  mile  in  ten,  and  len  in  propwlioD  if  the  mi 
be  not  80  great;  a  proper  allowance  ongfat  also  to  be  made  if  thoebei 
head  Be«.  In  heaving  the  iog,  great  care  should  be  taken  to  veer  out  the 
line  as  fiut  as  the  log  takes  it;  for  if  the  I<^  be  left  to  turn  the  red  itd( 
it  vill  come  home,  and  give  an  erroneous  distance. 

When  the  ship  is  sailing  several  Icnots  an  hour,  sometimes  qusW- 
minute  glasses  are  used,  in  irhich  case  the  knots  aod  iiitboms  run  off  it 
led  are  to  be  doubled,  togive  the  hourly  rate. 

In  ships  of  war  and  East  Indiamen,  it  is  usual  to  heave  the  log  onct 
every  hour ;  but  in  merchant  ships  only  once  every  two  bouTB. 

Tlie  Ifli^  of  the  log-Une  between  mch  knot  ought  to  be  £1  feet  oecdf, 
that  being  the  same  part  of  a  naudcal  mile  that  hilf-i-miniitf  is  cf  n 
hour*,  t>i».  120th  part ;  but  as  the  Ic^  is  apt  to  be  drawn  after  die  vend, 
and  as  it  is  safer  to  have  the  reckoning  nrther  before  than  after  the  d4< 
BO  feet  have  been  thought  sufficient  space  between  the  knots,  eaA  of  wina 
contains  10  fothoms  of  5  feet.  Indeed  it  is  usual  to  allow  only  48  feet  to  t 
knot,  that  is,  8  fathoms  of  6  feet  each,  and  sometimes  a  less  quantity,  witb 
whicha  glass  is  used  running^seconds;  but  whatever  may  be  the  aampned 
length  of  the  intervals  between  the  knots,  it  is  most  convenient  to  mvide 
them  decimally,  or  into  ten  equal  parts,  by  which  the  computation  cf  ^ 
ship's  run  will  be  rendered  more  easy  and  accurate. 

But  both  the  log-hue  and  half-minute  glass  are  fluently  afibcted  li; 
alterations  in  the  heat  or  moisture  of  the  weather ;  it  therooie  beoooM 
necessary  (rften  to  examine  them,  and  if  found  erroneous,  to  ctHiect  tlie 
ship's  run.  The  length  of  line  between  the  knots  may  be  eaaly  asoertaiao] 
by  measuring  them  with  a  rule :  and  the  half-minute  glass  may  be  examiaM 
either  bv  a  watdi  with  seconds,  or  if  that  be  not  at  band,  by  the  foUov- 
ing  meuiod-^aaten  a  j^unmet  to  a  line,  and  hang  it  on  a  nail,  obserraw 
that  the  distance  between  the  nail  and  the  middle  of  the  [Jiimmet  be  S9i 
inches ;  then  swing  the  plummet,  and  notice  how  often  it  paoses  vnatf 
the  nul  while  the  glass  is  running  out,  and  diat  will  be  the  number  of  secoiwi 
measured  by  the  j^ass. 

The  following  rules  for  correcting  the  ship'^s  run,  on  aooount  of  die  aton 
in  the  log-Hne  or  half-minute  glass,  are  given  on  a  suppomdon  that  the  knot 
ou^t  to  measure  fiO  fbet,  and  the  glass  to  run  30  seconds. 


When  the  Log-ime  it  truiy  divided,  and  the  Glau  faulty. 
Rule.     Multiply  the  distaoce  given  by  the  1<^  by  80;   divide  ^ 
product  by  the  seconds  run  by  the  glass,  and  the  quotient  will  be  (be  (roe 
distance. 

■  Tb«  length  of  a  iwn^ad  mile  U  ibtnit  6079  En^iib  ftet  (aMpageU)!  duiA*"*'^ 
120,  gim  m  fc«t  8  IndiM  fi»  the  kogth  of  *  knot. 
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OF  TJUt  L06|  UALF-HIHUTK  GLAIS^  AND  CtMrAH. 


ExAMTLB  I.  If  a  lUp  ail  8  ksots 
bf  the  W,  while  the  glui  ia  miming 
out,  wluc£  wheo  meunred,  ia  fbaiul  to 
run  34  secanda,  what  it  her  true  rata 
of  sailing? 


34)  340(7  Itnotfl. 


sii{nMiaBtl 
toiled  by  the  log  be  76  milat,  tad  die 
ghws  run  out  in  2?  Mconds,  what  la 
the  trae  diitance  run  ? 

by  log  7fi  jsilea. 


90 
81 

81 
9,  &c 


CASE  II. 

When  the  Glass  is  true,  and  the  Log4ine  faulty. 

RcL&.     Multiply  the  distance  suled  by  twice  the  meuured  length  of  « 
knot ;  then  poiot  off  two  figuies  to  the  Tight,  and  the  remunder  wlu  be  the 


EzAMFL*  L  A  ship  taUs  9  knots  in 
balf<«-minate,  by  a  log  measuring 
£3  feet;  required  her  true  rate  of  sail' 
ing. 

Diitanoe  by  log Sknott. 

TwieethelengUiofaknot    104 

True  rate  9.36knot8, 

or  9  knots  4  fltthoaM  nearly. 


EziHPLB  II.  If  aahip  sail  195  miles 
by  a  log  which  measures  48  feet,  what 
is  her  tn>e  distance  run  ? 


le  length  of  a  k: 


1170 
17SS 


True  distance 187- 30  milte. 


CASE  III. 

When  the  Glass  and  Log-Hne  are  both  faulty. 

RcLS.  Mtdliphr  die  distance  suled  by  the  log,  by  six  dmes  the 
measured  length  of'^a  knot,  and  divide  the  product  by  die  seconds  run  bjr 
die  ^ass ;  the  quotient,  pmntbg  off  one  figure  to  the  right,  will  be  die 
true  distance. 
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or  THE  LOG,  HALF>HIKUTE  GLASS,  AKU  COKFASB. 


ExAMPLB  I.  If  ■  ihip  ran  5  knoU 
of  a  log-line  of  45  feet  to  a  knot,  while 
a  glan  of  35  seconds  u  running  out, 
what  ii  her  trae  rate  of  sailing  i 

Distance  run  by  kg  5 

6  dmeB  thelengtbof  a  knot  4^x6=370 

Seconda  run  by  a  gtaw  ...25)135.0 


TVne  rate  of  sailing   .... 
or  6  knots  4  fatboniH. 


BxAHPiiiII,  Suppose  the  dartanee 
sailed  br  tbe  log  be  150  miles,  die 
messured  length  <^  a  knot  being  51  feet, 
and  the  glass  ruoning  28  seconds :  re- 
quired the  true  distance  mn. 


Distanee  b  J  log    

6  times  length  of  a  knot  , 


150  miles 


38)4590.0' 


Tojind  the  Length  of  a  Knot  corresponding  to  a  Gkus  running 
any  given  Number  of  Seconds, 

Rule.  Add  a  cipber  to  the  numb^  of  seconds  nm  bv  the  ^ass,  and 
divide  this  by  6 ;  toe  quodent  will  be  the  proportional  length  of  a  luux 
infect 


EzAHFLB  I.  What  ought  to  be  the 
l^igth  of  a  knot  when  uie  glass  runs 


6)330 
55  feet 


EzAMPLB  II.  Required  the  length 
if  a  knot  corresponding  to  a  glass  uat 
uns  38  seconds. 


46. 67  or  46  feet  8  in. 


OF  THE  MARINER'S  COMPASS. 

This  instniment  is  an  artifictal  representation  of  the  horiion  of  any  idace- 
It  consists  of  a  circular  card,  divided  into  32  equal  jwrts,  by  lines  dnwo 
Irom  the  centre  to  the  circumference,  called  Rhdhb  Lines,  the  extremities 
of  which  are  termed  Points  or  Rhchbs  :  the  intervals  are  subdivided  into 
halves  and  quarters,  called  Half  Points  Bnd  Quakteb  Points;  the 
whole  circumference  is  likewise  divided  into  360  degrees,  consequently  the 
angle  comprehended  between  any  two  rhumbs  is  equal  to  11  d^rees 
15  minutes.  The  four  principal  points  are  called  the  Cabdinal  Points, 
two  of  which,  opporite  each  other,  are  called  the  Nosth  and  South  Points: 
that  which  is  on  the  right  hand,  when  we  look  towards  the  north,  is  termed  , 
the  East,  and  its  opposite  the  West  Point ;  the  names  of  the  otherpfnnts 
are  compounded  of  these,  according  to  their  situation,  but  instead  of  die 
words,  Uie  initialB  only  are  inserted,  as  exhibited  in  Plate  III.,  where  thoe 
is  also  a  Table,  containing  the  measure  of  the  angles  that  eat^  point,  and 
quarter  point,  makes  with  the  north  and  south,  or  meridian  line.  Under 
we  cant  along  the  north  and  south  line,  a  small  bar  of  steel  is  fixed,  called 
the  NxBDLS,  which  being  mi^etized,  or  touched  with  a  loadstone,  acquiiet 
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the  peculiar  property  of  poindng  north  and  south*,  and  conBequently  by  the 
csrd  determines  the  diiection  of  the  other  points  of  the  horizon.  The 
needle,  having  a  small  sockat  in  the  centre,  is  supported,  together  with  the 
card,  on  the  point  of  a  fine  steel  pin,  on  which  it  freely  turns,  and  by  the 
above-mentioned  property  its  points  keep  always  in  the  same  direcdon : 
these  are  confined  in  a  drcular  brass  box  with  a  glass  cover,  the  box  being 
hung  in  brass  hoops  or  gimbals,  in  order  to  counteract  the  motion  of  the 
ship.  The  whole  of  these  are  placed  in  a  square  wooden  box  with  a  move- 
able lid,  which  serves  to  support  the  gimbals,  and  secure  the  compass  from 
accident  in  removals. 

The  compass  is  used  to  point  out  the  direction  that  a  ship  suls  at  sea. 
For  this  purpose,  it  is  to  be  so  placed  in  the  ship  that  the  middle  section  of 
the  wooden  box,  parallel  to  its  sides,  may  be  parallel  to  the  middle  section 
ofthe  ship  along  Its  ked.  When  it  is  thus  fixed,  that  point  of  the  card  which 
coinf^es  with  a  perpendicular  line,  marked  in  the  mside  of  the  circular 
box,  and  termed  by  seamen  Lubbek^s  Point,  wiU  shew  the  direction  of  the 
shrp'shead. 

The  courses  and  distances  which  a  ship  sails  in  24  hours  are  usually 
set  down  on  a  board,  called  the  Log  Boabd,  which  will  be  further  exphuned 
hereafter. 


PLANE   SAILING. 


PLANE  SAILING  is  the  art  of  navigating  a  ship  upon  principles 
deduced  from  the  suppo^tion  of  the  earth  being  an  extended  plane.  On 
this  supposition,  the  meridians  are  considered  as  being  all  parallel  to  each 
other,  the  parallels  of  Udtude  at  right  angles  to  the  mendians,  and  the 
length  of  a  degree  on  the  meridian,  equator,  and  parallels  of  latitude,  every 
where  equal.  In  this  sailing  there  are  four  principal  parts,  vix.  the  Course, 
Distance,  Difierence  of  Latitude,  and  Departure. 

The  CoiTBBE  is  the  angle  which  a  ship's  track  or  path  makes  with  the 
meridian,  and  is  expressed  either  in  points  or  degrees.  Thus,  when  a 
ship  saHs  in  a  north-east  direcdon,  we  say  her  course  b  1  points,  or 
46  degrees. 

The  Distance  is  the  number  of  miles,  &c.  between  any  two  places 
mooned  on  the  rhumb  line  of  the  course ;  or  it  is  the  length  that  a  ship 
hai  sailed  on  a  direct  course  in  a  given  time. 

■  Thi«  b  Dot  itiiaij  true,  Stx  ths  needle  deriate*  more  or  lew  from  tLa  nortli  and  loutli 
polau  of  ths  iKMison,  U  different  plscee,  and  at  different  timee ;  but  as  tbe  methods  br 
which  thia  derifttioo  of  the  needle  u  found,  depend  on  aitronomiml  obwrvatJonB,  ire  ihaU 
ddtr  eaUting  into  ■  farther  u^lanstioa  till  we  treat  on  that  nibject. 
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The  Dim&iHCB  of  Latitude  b  the  diMuce  whkh  «  Aip  hat  madt 
north  or  south  of  the  place  sailed  from,  and  is  reckoned  on  a  ""*i^«" 

The  Dbpa&tdkk  is  the  cast  or  west  distance  a  shm  has  made  from  the 
meridian  of  the  place  she  departed  bom,  and  is  lecKoned  on  a  paialld  «f 
latitude. 

Hence  it  is  evident  that  if  a  ship  smi  due  north  or  south,  she  sttis  on  a 
meridian,  makes  no  departure,  and  her  <GstSDce  and  difference  of  latttude 
are  ib.e  same.  If  a  ship  saO  due  east  or  west,  she  runs  on  a  parallel  of  Utitode, 
makes  no  difietence  of  latitude,  and  her  departure  and  distance  are  die  same ; 
but  when  a  ship  sails  in  anv  other  direction,  she  makes  both  diilerence  of 
ladtude  and  departure,  and  these,  with  the  distance,  ftrm  a  right-angled 
trian^e,  the  hypothenuse  of  which  is  the  distance  sailed,  the  perpemficular 
is  the  difference  of  latitude,  the  base  ^  departure,  the  an^  opposite  the 
base  is  the  course,  and  that  opposite  the  perpendicular  the  comptement  of 
Ae  course :  hence,  any  two  of  these  parts  being  given,  the  rest  tnay  be 
(bund  by  Plane  Trigonometry. 

When  a  ship's  course  is  4  points,  or  45  d^^rees,  the  di^renceof  latitude 
and  departure  are  equal ;  when  the  course  is  less  than  4  points,  or  46 
degrees,  the  difference  of  latitude  is  greater  than  the  departure ;  when  the 
course  is  more  than  4  points,  or  45  d^rees,  the  departure  is  greater  than 
the  difference  of  latitude. 

In  constructing  a  figure  relating  to  a  ship's  course,  let  tiie  upper  part  of 
what  the  figure  is  drawn  on  represent  the  ncroi,  then  the  lower  part  will  be 
^  south,  the  right  hand  east,  and  the  left  wesL 

Draw  a  north  and  south  line,  to  represent  the  meiidian  of  the  place  the 
ship  sailed  from  ;  then  if  the  ship's  course  be  to  the  southward,  marie  the 
upper  end  of  the  line  for  the  place  sailed  from ;  but  if  the  course  be  north- 
wud,  mark  the  lower  end  for  that  place. 

Through  the  point  sailed  from  draw  a  line,  maldng  a  right  angle  willi  the 
meridian  Une  (Prob.  XII.  Geom.)  on  the  east  or  west  dde,  according  as  ibe 
ship  is  sailing  to  the  eastward  or  westward;  and  that  Hne  wiO  represent  the 
pamlel  of  the  place  the  ship  suled  from. 

When  the  course  is  given,  it  is  to  be  laid  off  &om  the  meridian  on  de 
arch  described  in  making  the  ri^t  angle,  taken  either  from  the  Hne  of  dioids 
or  rhumbs,  accordii]^  as  it  is  given  in  degrees  or  pcnnts. 

A  line  drawn  from  the  centre  of  the  quadrant,  through  the  point  laid  off 
tat  the  course,  will  represent  the  distance,  which,  if  given,  is  to  be  laid 
thereon,  beginning  at  the  pcnnt  sailed  frvm.  A.  line  drawn  from  the 
extremity  of  the  distance,  parallel  to  the  east  or  west  line,  will  determine  the 
difierence  of  latitude  and  departure. 

If  the  difference  of  latitude  be  given,  it  is  to  be  hud  upon  the  meridian, 
be^nning  at  the  point  representing  the  place  the  ship  left ;  and  a  line 
drawn  fiwm  the  extremity  of  the  difference  of  latitude,  puallel  to  the 
east  or  west  line,  till  it  meet  the  distance  produced,  will  form  the  figure. 

If  the  departure  be  given,  it  is  to  be  drawn  parallel  to  the  east  or  west 
line,  througn  the  extremity  of  the  difference  of  latitude  or  distftnce. 


b,  Google 


PLANK  SAILINO. 


The  Courae  and  DUtance  given,  to  find  the  Difference  of 
Latitude  and  Departure. 

ExAUPLs.   A  ship  from  latitude  48°  WN.,  sails  N.E.  by  N.  £96  miles: 
tcqiured  her  picMnt  latitude,  and  the  depamue  made  good. 

BY  CONSTH0CTION. 

Dnw  the  line  b  o  to  repreeent  the  meridian  the 
sbip  sailed  from ;  with  the  chord  of  60°  in  the 
cofflpuaee,  and  one  foot  in  c,  deecribe  the  arch  H  e; 
from  M  to  £  lay  off  the  chord  of  QCP,  and  drav  the 
linecE:  then  will  nce  represent  the  N.  E.  quarter 
of  the  compass.  Take  the  course  three  pomts  in 
the  compasses  from  the  line  of  rhumbs,  which  lay 
off  from  M  towards  x,  and  through  the  point  where 
it  cuts  the  arch  draw  the  line  c  a,  which  make  equal 
to  the  distance  396,  taken  from  a  scale  of  equal 
parts ;  through  a  draw  the  liae  b  a  parallel  to  c  e 
(Prob.  IV.  Georo.) ;  then  will  b  a  represent  the 
departure  equal  to  164. 4  miles,  and  c  b  the  differ- 
ence of  latitude  !Mi6  miles. 


BY  CALCULATION. 


To  find  the  Deparlure. 
Ai  ndTos  10. 00000 

k  to  distance  296  2.47129 

8»  is  nne  of  course  3  pts.*     9. 74474 


To  the  departoie  1S4. 4  9.  31603 


To  find  tie  Diference  <^  Latitude. 
As  radios  10. 00000 

Ib  to  distance  296  2. 47129 

So  is  CO.  sine  of  coarse  3  ptG.    9.91985 


12:39114 
10.00000 


To  the  diff.  of  latitude  346l1    3.89114 


To  find  Ike  Latitude  in. 

Latitudeleft    4ff'40'N. 

Diff.  of  latitude  246  miles,  or    4     6  N. 

Latitude  in 52  46  N. 


B  bahig  g{v«n  In  poioU,  tha  logsritlUD  of  ita  tiat,  Ac  u  to  be  taken  from 
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BY  INSPECTION.* 

Enter  the  fiist  Tnrene  Table,  and  find  the  couise  8  pcdnts  atiimUf, 
tad  in  one  (tf  the  columns  marked  dist.  find  the  dutance  396 ;  then  appaals 
tothiB,inthecolumn8maikedM.  and  dsp.,  will  be  the  difference  of  la^tnde 
S46. 1,  and  the  departure  164.  4. 

BT  OUNTEB'S  SCALE. 

Extend  from  ndiua,  or  8  points,  to  the  course  3  p<nntB  on  die  line  it 
one  rhumbs,  marked  s.  R. ;  that  extent  will  reach  from  the  distance  S96t  *"* 
the  departure  164.  4  on  the  line  of  numbers. 

Extend  from  radius,  or  8  pouts,  to  the  complement  of  the  course  5  pointi 
on  the  line  of  sine  rhumbs ;  that  extent  will  reach  from  the  distance  9S6,  to 
the  diffiorenoe  «f  latitude  tUB.  1  on  the  line  of  numbers. 

CASE  II. 

The  Coune  and  D^ierenoe  of  Latitude  given,  to  find  the 
Dittance  and  Departure. 

Example.  A  ship  sails  S.  E.  \  E.  from  St.  Helena,  in  latitude  \GP5S'  S., 
until  by  observation  she  is  in  latitude  18^  49*  S. :  required  her  distance  nu^ 
and  departure  made  good. 


Differenceoflatitade...      3  &4=174n] 


BY  CON8TEUCTION. 

Draw  the  meridian  line  c  9,  which  make       . 
eqnal  to  the  difierenceof  latitude  174;  from     ^' 
c,  wi^  the  chord  of  60°,  describe  the  arch  s  s,     ". 
on  which  lay  off  90°,  and  draw  the  line  c  s ; 
from  8  towards  e  lay  off  the  course  4|  points, 
taken  from  the  line  of  rhumbs,  and  through 
the  point  where  it  cuts  the  arch  s  k  draw  the 
line  c  A ;  from  b  draw  the  line  b  a  parallel 
to  the  line  c  k  ;  then  will  the  departure  b  a 
measure  S12,  and  the  distance  c  a  %T4.  3 


*  Pivrioiu  to  molTtiig  tbB  C<Nc«  bf  this  ntetliad,  U  wfll  b>  ihobmwt  for  iLe  Im rn»r  w 
road  MuntlTely  tlia  EbcplBiutiim  to  T*blM  I.  and  IL,  whloh  »n  oonitrnctad  by  tU*  Out 
for  irary  pdnt,  qii»rter-pc4iit,  and  ds^TM  of  (he  nompau,  to  dinaocca  u 


fLun  SAiuMe. 


BT  CAIXTULATION. 


TbJtndtMe  Dtparture. 
Am  00.  ant  of  oonrse  41  pts.   9.  80936 
btodiflonatitudelH       2.S40S6 
Bo  ii  Bne  of  aamM  4^  pts-     9. 88818 


13.12873 
9.80236 


To  tlw  depirtare  913 


To_find  the  Dutance. 
As  CO.  nne  of  course  4^  pts.  S.  80236 
Ib  to  diff.  of  ktitade  174       2. 34055 
Sokndina  IftOOOOO 


12.24065 


To  the  diiUiice  274. 3 


BY  INSPECTION. 


0ns  the  conne  4^  Mnnta,  find  the  dj^rence  of  Utitnde  174  (cnr  tlie 
aetrest  to  it,  vhich  is  173. 8)  in  s  lot.  coltunn,  opposite  to  wliidi  wiS  be 
ibond  th«  dep«rtuie  211.  S,  and  the  distance  274,   in  their  reapectiT* 


BY  GUMTE&'B  SCALK 

Eitend  from  the  complement  of  the  course  3^  points,  to  the  coune 
41  points  on  the  line  (tf  sine  riiumbs ;  that  extent  will  reach  &om  the 
difference  of  latitude  174  to  the  departure  S12  on  the  line  of  numbera. 

Extend  &ont  the  complement  of  the  course  3^  points,  to  radius,  a* 
8  points,  on  the  line  of  sine  rlmmhs ;  that  extent  will  reach  front  the 
difoence  of  latitude  174  to  the  distance  !8T4i.  S  on  the  line  of  numbcEi. 


The  Courte  and  Departure  gmen,  to  fnd  the  Difflerettee  of 
Latitude  and  Diatance. 

BxAMPLB.  A  ship  from  ladtude  3°  16'  N.,  «uls  S.  W.  by  W.  ^  W., 
nntil  she  has  made  856  miles  of  departure :  required  her  present  latitude, 
ind  ^stance  sailed. 

BY  CONSTRUCTION. 

Draw  the  meridian  line  c  b,  and  de-      _  „ 

scribe  Ae  quadrant  c  w  s  to  represent 
the  S.  W.  quarter  of  the  compass ;  from 
a  towards  w  lay  off  the  course  B\  points, 
and  throngh  the  point  where  it  cuts  the 
■ich  s  V  &SW  the  line  c  a  ;  from  c  to  d 
1^  off  the  dqurture  356,  and  through 
p  draw  the  Ibe  d  a  parallel  to  c  B,  meet- 
ing the  line  c  a  in  a  ;  through  a  draw 
the  line  a  «  parallel  tone,  meeting  c  b 
ub:  Aen  will  the  difftmnce  trf*  latitude 

%\A.  4,  and  Ae  distanoe  a  c  415. 1. 
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BY  CALCULATION. 


Tojind  the  Differmee  ^  Latitude. 
As  sine  of  oourse  5^  pts-  9.  93336 
Is  to  departore  356  2. 5514fi 

So  is  CO.  Bine  of  oonne  5^  pts.  9. 7'  106 


19.26250 
9.93335 


Tot]iediff.oflatitude2l3.4    3.33915 


Tojimd  the  Dutanee. 
As  sine  of  coime  5\  pts.        9. 0333S 
Is  to  departure  356  2.55145 

Soisndius  laOOOOO 


To  the  distance  416. 1 


Tajind  the  Latitude  in. 

Lfltitudeleft 3=  16'N. 

Diff.  of  hdtnde  919  miln,  or    8    33  8. 

Latitodein   9     17  8- 

BY  INSPECTION. 

Id  tfaat  page  of  the  Traverse  Table  marlced  with  the  course  G\  points  at 
the  bottom,  find  half  the  given  departure,  m>.  178  (the  whole  being  too 
great)  in  the  dep.  column ;  opposite  to  which,  in  the  UU.  and  diat.  coluomt, 
will  be  106.9  and  906;  these  being  multiplied  by  2,  ^ve  the  whole 
diflerence  of  latitude  21S.  8,  and  the  distance  416  miles. 

BY  GUNTER-S  SCALE. 

Extend  from  the  course  5\  points  to  the  complement  of  the  coutk 
SJ  points  on  the  line  of  sine  rliumbs ;  that  extent  will  reach  &om  the 
departure  356  to  the  difference  of  latitude  213.  4  on  the  line  of  numbers. 

Extend  from  the  course  5^  points  to  8  points  on  the  line  of  sine  rhumbs; 
that  extent  will  reach  irom  the  departure  356  to  the  distance  41&  1  on  the 
line  of  numbers. 

CASE  IV. 

The  Dutanee  and  Jhfferenee  of  Latitude  given,  to  find  the 
Cowae  and  Departure. 

ExAUPLx.  A  ship  from  Cape  St.  Vincent,  in  latitude  ST  3'  N.,  sailt 
between  the  nDrth  and  west  430  miles,  until  her  .difference  of  latitude  ii 
314  miles ;  required  her  course  steered,  and  deputure  made  good. 
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B\  CONSTRUCTION. 


Draw  the  quadrant  n  c  w  to  repre- 
sent the  N.  W.  quarter  of  the  com- 
paas,  and  from  c  to  b  lay  off  the  dif- 
ference of  latitude  214;  through  b 
draw  the  line  a  b  parallel  to  c  w ;  irith 
the  distance  430  in  the  compasses, 
place  one  foot  in  c,  and  let  the  other 
foot  cross  A  B  in  A,  and  draw  the 
Une  A  c :  then  will  the  course  b  c  a 
measure  60  degrees,  and  the  depar- 
ture a  b  873. 


BY  CAIX^ULATION. 


Tojlitd  the  Cmrte. 
As  the  distance  430  2. 63347 

b  to  Mdins  la  00000 

Ho  irtbe  diff.  of  lat.  914        S.  33041 


12.33041 
2.63347 


To  00.  sine  of  course  60°  9'     9. 69694 


Tojind  the  Departure. 
As  radius  10.  00000 

Is  to  distance  430  3. 6334? 

So  is  sine  of  oourse  60°  9"       9. 93819 


12. 67166 
10.00000 


To  the  departure  373 


BY  INSPECTION. 
Seek  in  the  several  fa«es  of  the  Traverse  Tahles  until  half  the  dia- 
Cance  £16,  and  half  the  mnerence  of  latitude  107,  are  found  opponte  each 
other  in  their  respective  columns ;  against  these  irill  be  found  186.  ?, 
which  being  doubled,  gives  the  whole  departure  872-  4 :  and  as  the  coluom 
*here  the  (Hfierence  oflatitude  is  found,  is  marked  tat.  at  bottom,  the  course 
is  to  be  taken  from  thence,  which  in  this  example  is  60  degrees. 

BY  GUNTER'S  SCALE. 

Extend  from  the  distance  130  to  the  difference  of  latitude  214  on  the 
fine  of  numbers ;  that  extent  will  reach  from  mdins,  or  90*^,  to  29^  61',  the 
complement  of  the  course  on  the  line  of  sines :  hence  the  course  is  60^  9'- 

Extend  from  radius,  or  90°,  to  the  course  60^9^  on  the  Ime  of  sinea;  diat 
extent  will  reach  from  the  distance  4S0  to  the  departure  373  on  the  line  of 
numbers. 

CASE  V. 

The  Distance  and  Departure  given,  to  Jlnd  the  Course  and 
Difference  of  Latitude. 

Example.  A  ship  from  latitude  1°83'S.siu1s  between  the  north  and  east 
260  miles,  and  finds  she  has  made  196  miles  of  departure:  required  the 
^*>urge  steered,  and  her  latitude  in. 
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BY  CONITKUCIION. 


Zhfortwrv  IMm. 


Draw  the  qaadnnt  n  c  b  to  repiewnt  die  N.  E> 
quuter  of  the  compass ;  from  c  to  s  lay  off  the 
oeparture  126,  and  through  d  diav  the  line  d  a 
parallel  to  c  n  produced ;  with  the  distance  SfiO  in 
the  compasses,  place  one  foot  in  c,  and  let  the  other 
cut  D  A  in  A ;  draw  the  Une  a  c,  and  through  a 
dnw  the  line  b  a  parallel  to  c  d  ;  then  the  course 
B  c  A  will  measure  9l(fl&,  and  the  difference  of 
latitude  c  b  SIS.  9. 


BY  CALCULATION. 


Tojnd  the  Cemrte. 
As  the  diftuoe  250  3. 38794 

Is  to  radius  10.  00000 

So  is  the  departure  1 26  9.10037 


I  a.  10037 
2. 39794 


To  sine  of  course  80°  16' 


Tojnd  tke  Difftratce  <f  Latitude. 
Am  radios  ]0.  OOMO 

Is  to  the  distsnoe  250  3. 3&7H 

So  is  00.  sine  of  coarse  soils'   S-VBiSt 

13.33430 
10.00009 

To  the  diff.  of  lat-  315. 9        3. 334W 


To^Md  the  Latitude  is. 

Ladtudeleft 1"  32'S. 

Diff.  of  Ut.  915. 9  miles,  or    3    36  N. 

Lfidtudein  3      4  N. 

BY  INSPECTION. 

Seek  in  the  Tables  till  oppodte  the  distance  S50,  taken  in  its  column;  die 
nearest  to  the  ^ven  departure  126  is  found  in  its  proper  column,  adjoinioz 
to  which  stands  the  difierence  of  Udtude  XI 6. 5 ;  and  as  the  column  in  wbiob 
the  departure  is  found,  is  marked  dep.  at  the  top  of  the  page,  the  course  i> 
to  be  taken  from  thence,  which  therefore  will  be  30  degrees. 

BY  GUNTEE-S  SCALE. 

Extend  from  the  distance  250  to  the  departure  126  on  the  line  of  num- 
bers ;  that  extent  will  reach  from  n^us,  or  90^,  to  the  course  9XP  VSf  on 
theKneofnnes. 

Extend  from  radios,  or  90^,  to  the  complement  of  the  comse  69°  44*  as 
the  Hne  cosines;  that  extent  wiU  reach  from  the  distance  250  to  tke  diflo- 
ence  (rf  la^tude  216  on  the  line  of  numbers. 
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CASE   VI. 

TMg  D^innoe  tf  LatUude  and  Departure  givm,  to  find  the 
Omrae  and  Distance. 

Euif  PLS.  A  ship  from  Fnnchal,  in  Madeira,  in  latitude  32°  38'  N.,  sails 
a  direct  course  between  the  south  and  west  until  she  is  in  latitude  31°  13'  N. 
by  observation,  having  made  72  miles  of  departure :  required  her  course 
steered,  and  distance  run. 


Latitnde  of  Fondul    3S> 

Latitude  in  by  obaervation   31 

Difference  of  latitude  1 


38' N. 
13  N. 


BY  CONSTRUCTION. 
DiBW  the  meridian  line  c  b,  and  &om  c  describe 
die  quadrant  c  s  w ;  from  c  to  b  lay  off  the  difier- 
ence  of  latitude  85 ;  through  b  draw  a  b  parallel 
to  c  w,  and  equal  to  the  departure  7S,  and  join 
A  c:  then  the  course  a  c  b  will  measure  40°  16', 
and  the  ^stance  a  c  111.  i. 


To  find  the  Course. 
A*  the  diff.  of  UUtnde  85       1.92942 
I*  to  radios  10.  00000 

So  is  the  departure  72  1.85733 


Dtparl, 

BY  CALCULATION. 

Tojind  the  Dittance. 
As  radius  10. 

Is  to  the  difF.  of  latitude  85      1. 
Sois8ec.ofcoiirM40'lS'      10. 


To  tang,  of  conrae  40°  1< 


00000 
92942 
11745 


9.92791     To  the  distance  111.  4 


BY  INSPECTION. 


Seek  in  the  different  pages  of  the  Tables  till  the  difference  of  latitude  85, 
and  the  departure  72,  or  the  nearest  thereto,  are  found  together  in  their 
respective  columns,  which  will  be  under  the  course  40  d^rees ;  and  the 
distance  answering  to  these  vill  be  111. 

Note.  Id  this  case,  always  seek  for  the  buger  of  the  two  given  numbers 
in  the  column  marked  lat.  at  the  top  of  the  page,  until  the  smaller  be  found 

rmte  to  it  in  the  cotimin  marked  dep.  at  the  top ;  obeerving,  diat  when 
departure  ia  more  than  die  difference  of  ladtnde,  the  course  will  be  at 
the  bottom  of  the  page. 
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BY  GUNTER-S  SCALE. 


Extend  from  the  difference  of  Utitude  85  to  the  depaitere  7S  on  the  IJne 
of  numberfl ;  that  extent  will  reach  bom  ndivu,  or  45°,  to  the  course  Vf  !& 
on  tbe  line  of  tangents. 

Extend  from  the  oom[dement  of  the  course  49°  44*  to  90°  on  the  line  of 
■iiie§ ;  that  extent  will  reach  from  the  difference  of  latitude  86  to  the  diElance 
111.  4  on  the  line  of  numbera. 

EXAMPLES  FOB  EXEBCISE. 

1.  AahipfromlatitudeS^aO'N.,  sails  S.W.  by  W.  430  miles:  what ii 
her  present  latitude,  and  what  departure  has  she  made  P 

Answer.  Latitude  in  S9P  ST  M.,  and  departure  S49.  3  miles. 

2.  A  ship  from  ladtude  3°  54^  S.,  has  sailed  N.  W.  j  W.  till  she  arrim 
at  latitude  ¥"  14'  N. :  required  her  distance  run,  and  departure  made  good 

Answer.  IMstance  617.  8,  and  departure  4{}6.  2  miles. 

S.  ABhip&omSt.Hden»,inlatitude]5°«5'a,  aailsS.&£.  ^E-tin 
she  has  made  115  miles  of  departure :  I  demand  btr  inesent  latitude,  aid 
the  distance  she  has  run. 

Answer.  Latitude  in  19°  SO*  S.,  and  distance  244  miles. 

4.  A  ship  from  latitude  28°  20'  N.,  sails  north-easterlr  486  miles,  and 
finds  by  obserration  that  she  is  in  Utitude  S2P 17'  N. :  what  course  has  d» 
steered,  and  what  departure  has  she  made? 

Answer.  Course  N.  60°  49'  E.,  or  N.  £.  b.  E.  {  E.  nearly,  and  depaitmc 
424. 3  miles. 

5.  A  ship  sails  between  the  north  and  west  170  leagues  from  a  port,  ia 
kthnde  88^  42'  N.,  until  her  departure  is  98  leagues ;  required  her  count 
and  latitude  in. 

Answer.  Course  N.  36°  12'  W.,  or  N.  W.  b.  N.  i  W.  neariy,  and  Utitude 
fa  46089' N. 

6.  A  ship  from  the  Lizard,  in  Utitude  49°58'  N.,  suls  to  the  westwud 
on  a  direct  course,  till  she  arriyes  at  Utitude  48°  1 1'  N.,  and  finds  she  Iw 
made  87  miles  of  westing :  required  her  course  steered,  and  distance  tub. 

Answer.  Course  S.  99°7'  W.,  or  S.  W.  b.  S.  i  W.  neariy,  and  disiaiKe 
137. 9  miles. 

7.  A  ship  from  Ascension  Island,  in  latitude  T56'  S.,  sails  N.  N-W.  J  ^• 
244  miles :  required  her  present  Utitude,  and  departure  made  good. 

Answer.  Latitude  in  4°  27'  S.,  and  departure  125.  4  miles. 

a  A  ship  from  Cape  St  Vincent,  in  Utitude  37°  3'  N.,  sails  betwaei  tbt 
south  and  west,  till  her  differrace  of  Utitude  is  69  miles,  and  her  depsrtV 
216  m9es :  nqiured  her  course,  distance,  and  Utitude  in. 

AnswCT.  Couifle  S.  72^  12'  W.,  ot  W.  S.  W.  i  W.  neariy,  dBtww  i 
9StB.  7  miles,  and  Utitude  36°  64'  N.  I 
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9.  A  ship  from  the  Lizard,  in  ladtude  49°58'N.,  sul§  456  miles  to  the 
mtnid,  and  then  6aAa  she  is  830  miles  to  the  southward  of  the  Limd : 
reqaired  her  coime,  departure,  sod  latitude  in. 

Axmwei.  Course  S.  ST  52'  W.,  or  S.  W.  j  S.  nearly ;  departure  879.  9 
milefi,  and  latitude  in  4SP  58'  N. 

la  A  B%>  from  Cape  Hatterss,  in  latitude  85°  15'  N.,  suls  in  the 
nordi-east  quarts-  236  miles,  and  then  6nds  that  she  is  198  miles  to  the 
ewtward  of  the  Cape :  required  her  course,  and  latitude  in. 

Answei.  Course  N.  6l°  11'  £■,  or  N.  E.  by  E.  ^  E.,  and  latitude  in 
3T'4'N. 

11.  If  a  ship  take  her  dntarture,  at  6h.  p.  is.,  from  Cq>e  Verd,  in 
latitude  14"  46' N.,  and  sail  W.  S.  W.  4  W.  at  the  rate  of  7  miles  an  hour 
Dnd]  the  next  day  at  noon ;  what  will  he  her  (Ustance  run,  departure,  and 
latitude  in  P 

Answer.  Instance  126  miles,  departure  120.  6,  and  latitude  in  14''  8'  N, 

12.  A  shipfrom  latitude  65°  30"  N.,  sails  S.W.  by  S.  during  20  hours, 
and  then  finds  by  observation  she  is  in  latitude  5S°  17'  N. :  required  her 
rate  of  Bailing  per  hour,  and  the  departure  she  has  made. 

Answer.  Departure  88. 87  miles,  distance  run  in  SO  hours  160  miles, 
■nd  thraelbre  her  rate  per  hour  8  miles. 


TRAVERSE    SAILING. 


WHEN  a  ship,  either  from  contrary  winds  or  other  causes,  is  ofa%ed 
to  sail  on  different  courses,  the  irre^^ular  or  ligzag  track  she  makes  ifl  ca£ed 
a  Tbavbrse,  or  Cohpodkd  CouasE ;  and  ue  method  of  reducing  these 
sereral  courses  and  distances  into  a  nngle  course  and  distance,  is  called 
Testdving  a  traverse. 

To  resolve  a  traverse,  make  a  Table  (as  that  in  Example  I.),  and  divide 
it  into  BIX  columns ;  in  the  first  of  these  set  down  the  several  courses,  and 
opposite  to  them,  in  the  sectmd  column,  their  corresponding  distances :  the 
thud  and  fourth  columns  are  to  be  marked  N.  f^.  at  the  top,  and  are  to 
contain  the  differences  of  latitude ;  the  fifth  and  uxth  are  to  be  marked 
E.  W.,  to  contun  the  departures. 

Find  the  difference  M  latitude  and  departure  correspond]^  to  each 
course  and  distance,  by  any  of  the  methods  in  Case  I.  of  Plane  filing,  the 
most  common  of  which  is  that  by  Inspection ;  set  these  down  opposite  tiie 
distance  in  their  proper  columns,  observing  that  the  difference  i^  latitude 
rauat  be  jdaced  in  the  north  column,  if  the  course  be  nortberLy,  and  in  the 
■oudi  column,  if  the  course  be  southerly ;  and  that  the  departure  must  be 
placed  in  the  east  column,  if  the  course  be  easterly^  and  in  me  west  column, 
if  it  be  iresteriy.  When  the  course  is  dee  north,  south,  east,  or  west,  set 
down  the  Stance  in  that  column  answering  to  iL     Add  op  tlw  columns  of 


Ji  TSAVKK8S  VAtUNU. 

oortbing,  aouthinc,  MUttnK>  and  wesdag,  and  set  dova  the  sum  t£-eatii  at 
ihe  bottom ;  then  the  dwerence  between  the  Bums  of  the  north  and  south 
cohinuu  will  be  the  whole  difference  of  latitude  made  good,  of  the  same 
name  with  the  greater ;  and  the  difierence  between  the  sums  of  the  eait 
and  west  columns  is  the  whole  departure  made  good,  of  the  same  name  with 
the  greater  sum. 

With  this  whole  difference  of  latitude  and  dewtnre  made  good,  find 
the  direct  course  and  distance,  as  in  Case  VI.  of  Plane  Sa" 


e  Sailing. 


EXAMPLE  I. 


Suppow  *  ship  from  the  Start,  in  latitude  5(f  18'  N.,  sul  W.  S.  W. 
61  miles,  W.  b.  N.  S6  miles,  S.  b.  E.  45  miles,  S.  W.  b.  W.  55  miles,  and 
8.  S.  £.  41  miles :  required  her  direct  course  and  distance  sailed,  and  her 
latitude  in. 

BY  CONSTRUCTION. 


With  the  chord  of  60°  describe  the  drde  n  e  s  w,  to  represent  the 
compass ;  draw  the  diameters  N  s  and  e  w  at  right  angles,  the  one  repre- 
sentmg  the  meridian,  and  the  other  the  parallel  the  ship  suled  from :  t^ 
each  course  &om  the  line  of  rhumbs,  and  lav  them  on  from  the  meridian 
in  their  respective  quarters,  and  number  uiem  in  order  1,  2,  8,  4,  be; 
thus,  frDm  S.  to  1  lay  off  6  pointe  for  the  first  course  W.  S.  W. ;  fiom 
N.  to  2  lay  off  7  points  for  the  second  course  W.  b.  N. ;  from  S.  to  3  lay 
off  one  point  fbr  the  third  course  S.  by  E.;  from  S.  to  4  lay  off  5  points 
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fin  the  fourdi  course  S.  W.  b.  W. ;  fWnn  "S.  to  S  lay  off  2  points  fcr  tfie 
Jifth  course  S.  S.  E.;  and  from  the  centre  of  the  circle  drsv  rhomb  lines  ttt' 
each  of  these  points,  which  may  be  produced  to  any  length  that  is  necessary. 
Upon  the  first  rhumb  c  1 ,  lay  off  die  first  distance  51  miles,  from  c  to  a  ; 
Aen  irill  a  represent  the  ship's  place  at  the  end  of  the  first  course; 
throng  A  draw  a  b  parallel  to  the  second  course  c  3  (Prob.  IV.  Qeom.), 
and  make  it  equal  to  the  second  distance  SB  miles ;  through  b  draw  b  c 
parallel  to  c  S,  and  equal  to  45  miles :  throu^  c  draw  c  s  parallel  to  c  ^ 
and  equal  to  55  miles ;  and  through  d  draw  d  b  parallel  to  c  5,  and  equal 
to  41  mika.  Through  it  draw  we  hne  s  f  parallel  to  the  east  and  west 
liiie  wi,  meetiiig  a  s  produced  in  f,  and  join  c  b.  Then  will  c  f  be  die 
diBmtce  of  latitude  made  good,  measuring  i:i5. 3 ;  e  f  the  departure 
102. 6,  c  E  the  distance  162,  and  the  angle  s  c  f  die  course  99^  19'.  or 
dj  points. 


TRAVERSE  TABLE. 


Onnm. 

TtULol  LU. 

D«iwtiin. 

N. 

s. 

E. 

w. 

W.8.W. 
W.b.N. 
8.b.E. 
8.W.b.W 

s.aE. 

51 
36 
45 
55 
41 

6.8 

19.5 

44.1 
30.6 
37.9 

as 
15.7 

Hi 

45.7 

6.8 

132.1 
6.8 

24.5 
Dq,. 

127.1 
24.5 

Di; 

ofLn. 

125.3 

102.6 

7*0^141  the  Course  and  Dutaiue  made  good. 
BY  CALaTL&TION. 


ToJi»d  the  Caurttr 
Aidiff.  of  lat.  126.3 
It  to  radios 
So  it  departure  103. 6 


3.0979S 
10.00000 
3.01115 


12.01116 
2.00796 


To^Md  the  Dittanee. 
AsradhiB  10. 00000 

la  to diff.  of  latitude  125. 3    2.08795 
So  is  see.  of  coarse  38°  19'    10.11145 


To  the  dirtance  163 


To  tang.  Gonnc  86°  19' 


Hence  the  direct  course  made  good  is  g.  89°  19'  W.  or  S.  W.b.  S.  ^  W., 
and  die  distance  163  milCs. 
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76  TBAVCKIS  SAILING. 

BY  INSPECTION. 

Seek  in  the  Tnvene  Table  till  the  difterence  of  latitude  125.  S,  ud 
departure  102. 6,  are  found  opposite  each  other  in  their  respective  ccJumni; 
the  nearest  to  dteie  will  be  125. 2andI0S.8,  vhichgiTethecDuraeSipcHiitB 
at  tlie  top,  and  the  disUnce  162  in  its  column. 

EXAMPLE  II. 

A  ship  from  the  North  Foreland,  in  latitude  51°2S'  N.,  and  boood  to 
the  Texel,  which  lies  in  latitude  bSP  2'  N.,  and  115  miles  to  the  eastwsd, 
sails  N.  E.  35  miles,  E.  b.  S.  25  miles,  N.  E.  b.  £.  i  £.  40  miles,  Nradi 
21  miles,  and  N.  W.  b.  W.  30  miles:  lequired  her  course  and  distance 
made  good,  the  latitude  she  is  in,  and  departure  from  the  meridian;  also 
the  direct  course  and  distance  from  the  ship  to  the  Texel. 

BY  CONSTBUCTION. 


Foreland  61°  23^  N. 
Lat  Texel  ...  S3     2  N. 


With  the  chord  of  60°  describe  a  circle,  through  the  centre  of  which  draw 
the  north  and  south,  or  meridian  line,  N.  S.,  and  at  right  angles  to  it  the 
east  and  west  line,  W.  E. ;  lay  ofFfrom  the  meridian,  upon  the  circumference 
of  the  circle,  the  several  courses  in  their  proper  quarters,  number  than  k 
order,  and  draw  a  rhumb  line  from  the  centre  to  each  of  the  pmuta;  Ago, 
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on  the  fint  rhumb  line,  which  is  N.  E.  or  4  points,  Uy  off  the  diBtsnoe  85 
from  the  centre,  and  through  the  end  of  uiis  first  distance  draw  a  line 
parallel  to  the  second  rhumb,  E.  b.  S.  7  points,  on  which  Uy  off  the  second 
distance  US ;  proceed  thus  till  all  the  courses  and  distances  are  lud  off,  and 
through  the  end  of  the  last  distance  draw  the  line  a  b  parallel  to  the  line 
W.  E.,  meeting  S.  N.  produced  in  b  i  then  will  a  represent  the  ship's  place, 
r  B  wUl  measure  the  difference  of  latitude  made  good  76.  4,  b  a  the 
departure  59-  6,  c  a  the  distance  run  6. 91,  and  the  angle  b  c  a  the  course 
stwred,  37°  68' 

To  find  what  course  the  ship  must  steer,  and  what  distance  she  must 
run,  before  she  can  arrive  at  the  Texel,  lay  off  from  c  to  n  99,  the  whole 
difference  of  latitude  between  the  Foreland  and  the  Texel,  and  through  D 
draw  D  F  parallel  to  W.  E.,  and  equal  to  the  whole  departure  1  Id,  then  will 
F  represent  the  situation  of  the  Texel :  through  a  draw  a  e  parallel  to  c  D, 
■nd  join  a  f  ;  then  a  e  will  be  the  northing,  or  difference  of  latitude  S3, 
■ixi  K  F  the  easting,  or  departure  55.  4,  the  ship  has  to  make  good ;  a  t  the 
distance  the  ship  nas  to  sail  60,  and  the  angle  k  a  f  measuring  67°  27',  the 
course  from  the  ship  to  the  Texel, 

TRAVERSE  TABLE. 


Ccmna. 

Distance. 

DiCofLedude. 

.^       1 

N. 

8. 

E. 

W. 
24.0 

N.E. 

E.b.S. 

N.E.b.B.lE. 

NoMl. 
N.  W.  t.  W. 

35 
25 
40 
21 
30 

24.7 

18.0 
21.0 
1«.7 

40 

247 
245 
36.3 

Diffoflat. 

81.3 
40 

40 
D.P. 

845 

240 

240 

76.4 

50.6 

Tojind  the  Cottrae  and  Distance  made  good. 
BY  CALCULATION. 


Tojind  the  Cowte. 
Aidiff.  of  latitude  76- 4         1.88309 
I*  to  radius 
8«isdqiaitnre59.6 


10.00000 
1.77625 

11. 77S25 


TojMd  thf  Dutance. 
As  radius  10. 00000 

Is  to  diff.  Utitude  70-4  1 .  88309 

So  is  sec.  course  ST  58'        10. 10327 


To  the  distance  96. 91 
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BY  INSPECTION. 


The  difference  of  latitude  76.  4,  and  departure  Jl!9. 6,  b«og  looked  fat  tffl 
they  are  found  opporite  each  other  in  their  respecdve  columns,  gire  the 
course  38°,  and  the  distance  97  miles. 

To^find  the  direct  Courae  and  DUttmeefivm  the  Ship  to  the  Teaett. 


LMhnde  of  N.  Fgrehnd . . .  fil°  S3'N. 
I>iff.oflat.madegMid,76m.orl    16  N. 

Latitude  in  62  SON. 

Latitude  of  Tezel   63     3N. 

DiCofUtitudetomakegood  0  33  N. 


Whole  departure II611L  R. 

Deputuramade  good  69.6B. 


Departure  to  make  good  ...    65.4B. 


BY  CAIXtTLATION. 

Tojuid  tkt  Courte. 

Aa  the  diff.  of  latitude  33       1.36173 

la  to  radina  10. 00000 

80  ia  departnie  66. 4  1. 74361 


11. 74351 
1.36173 


To  tang,  courae  67>  3?' 


To,fi$id  the  Diitanet. 
At  radius  10. 0 

la  to  diff.  of  latitude  33  l.S 

Soiaaec.oo<ine67>a7'        10.4 


To  the  diatance  69. 98 


BY  INSPECTION. 

The  departure  66. 4,  and  diderence  of  latitude  SS,  bnng  looked  for  in  Ae 
Tables  till  they  are  found  together,  the  nearest  numbers  answering  to  thea 
will  be  ovec  the  course  6  points,  and  opposite  the  distance  60  miles. 

EXAMPLES  FOB  EXERCISE. 

1.  A  ship  from  the  Lixard,  in  latitude  49°68'N.,  sails  aa  foUowa: 
S.  by  W.  42  miles,  W.  S.  W.  36  miles,  West  18  miles,  £.  S.  E.  CS  miles, 
South  34  miles,  and  N.  E.  SI  miles :  required  her  present  latitude,  and  the 
dh-ect  course  and  distance  made  good. 

Answer.  HerlatitudeiniB48P3S'N.,tfiecour«emadegood,  S.ie=«7'W, 
or  S.  by  W.  i  W.  neariy,  and  the  distance  86. 13  miles. 

2.  A  ship  &om  latitude  9^  26'  N.  sails  N.  E.  20  miles,  North  88  nilei, 
N.  N.  W.  15  miles.  East  26  miles,  N.E.  by  N- 48  miles,  and  S.  W.  jW. 
28  miles :  required  her  course  and  distance  made  good,  and  her  preeoit 
latitude. 

Answer.  Course  N.  24°  12'  E.,  or  N.  N.  £.  i  E.  nearly;  distBiioa 
66.  63  miles,  and  present  hititude  10°  44'  N. 
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8.  A  ship  from  the  Cape  of  Good  Hope,  io  latitude  Swiss's.,  Bails 
S.  W.  4  S.  27  miles,  S.  E.  by  E.  45  miles,  S.  W.  by  S.  48  miles,  West 
St  miln,  and  S.  S.  W.  J  W.  18  miles :  required  her  coune  and  distance 
made  good,  and  her  present  latitude. 

Answer.  Course  S.  84°  45'  W.,  or  S.  S.  W.  J  W.,  distance  IIS  miles, 
nd  latitude  in  S&="^  S. 

i.  A  ship  &om  latitude  1°  la's.,  suls  E.  by  N.  i  N.  56  miles,  N.  4  E. 
80  miles,  S.  by  £.  i  E.  96  miles,  N.  j  E.  68  miles,  E.  S.  E.  40  miles, 
N.  N.  W.  ^  W.  86  nules,  and  E.  by  S.  65  miles :  required  her  direct  course, 
^stance,  and  her  present  latitude. 

Answer.  Course  N.  51°  47'  E.,  or  N.  E.  J  E.  nearly,  distance  193. 8 
miles,  and  present  latitude  0°  48*  N. 

&  A  ship  from  latitude  46'  IS*  N.,  suls  N.  25°  W.  50  miles,  N.  74P  E. 
64  miles,  S.  5S°  W.  S6  miles,  N.  3^  E.  40  miles,  N.  69^  W.  75  miles,  and 
S.Vt°E,4S  miles :  required  her  course,  distance,  and  latitude  in. 

Answer.  Course  North,  distance  67. 7  miles,  and  latitude  in  47°  26'  N. 

6.  A  ship  from  latitude  51°  30*  N.,  running  at  the  rate  of  8  knots  an  hour. 
Bails  W.  S.  W.  8  hours,  N.  W.  ^  hours,  West  4  hours,  S.  W.  by  S. 
H  hours,  and  N.  W.  i  W.  2  horns :  required  her  course,  distance,  and 
latitude  in. 

Answer.  Course  West,  distance  90.  7  miles,  and  latitude  in  51°  30'  N. 

7.  A  ship  irom  a  Port  in  latitude  88°  42'  N.,  bound  to  another  Port 
atoated  in  latitude  39^  32'  N.,  and  137  miles  to  the  eastward,  sails  the 
following  courses :  S.  by  W.  i  W.  65  nules,  S.  W.  b.  S.  i  W.  87  miles. 
South  m  miles,  £.  S.  E.  40  miles,  S.  £.  b.  S.  i  E.  S2  miles,  and 
N.  £.  b.  C.  ^  E.  58  miles  :  required  her  direct  course  and  distance  made 
Rvod,  her  present  latitude,  and  the  direct  course  and  distance  to  her  intended 

Answer.  The  course  made  good  is  S.  23^38' E-,  and  the  distance 
169  miles ;  the  latitude  in  36°  7'  N.,  the  course  to  the  intended  Port 
N.  W°  8'  E.,  and  the  disUmce  73. 56  mUes. 

8.  The  course  (by  compass)  from  Beachy  Head  to  Selsea  Bill  is 
N.  67°  W.  and  distance  40  miles ;  from  Selsea  Bill  to  St.  Catherine's 
Point  N.  86^  W.  21  miles ;  from  St.  Catherine's  Point  to  Portland  Lights 
N.  68"  W.  44  miles ;  from  Portland  Lights  to  the  Start  N.  85°  W. 
49  miles :  required  the  course  and  distance  from  Beachy  Head  to  the  Start. 

Answer.  The  course  is  N.  7^*  51'  W.  or  W.  N.  W.  ^  W.,  and  distance 
1S2. 2  miles. 

9.  Suppose  a  ship  to  sul  upon  the  following  courses  and  distances : — 
S.  E.  by  S.  29  mUes,  N.  N.  E.  10,  E.  S.  E.  60,  E.  N.  E.  60,  S.  S.  E.  10, 
N.  E.  by  N.  29,  West  25,  S.  S.  E.  10,  W.  S.  W.  j  W.  42,  North  110, 
E.  I  N.  62,  North  7,  West  62,  North  10,  West  8,  South  10,  West  62, 
South  7,  E.  I  S.  '62,  South  110,  W.  N.  W.  i  W.  42,  N.  N.  E.  10,  and 
West  25  miles  :  reqmred  her  course  and  distance  mode  good. 

Answer.  The  ship  has  returned  to  the  place  she  suled  from. 

NvTL  Tbis  ttMopie  it  (akcn  fnm  "  RabtnaoA  Ktan^M*  of  Nt«1gHtleD  f  tht  flgujfl  temlif 
tbefh^aofuAi 
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In  Plane  SuUng  it  was  observed  that  the  meridisiu  are  couideTed  u 
b^g  bU  parallel  to  each  other,  and  the  length  of  a  degree  on  the  merufiiB 
and  parallel  every  where  equal;  which  Buppoution  will  give  just  condunons, 
so  far  as  the  couise,  distance,  difllerence  of  latitude,  ana  departure,  are  cod- 
cemed ;  because  s  ship,  when  sailing  on  a  rhumb,  makes  equal  angles  with 
the  meridians :  but  as  the  earth  is  a  sphere,  or  globe,  and  the  raeridiaiif 
meet  at  the  Poles,  it  is  evident  that  the  distance  between  any  two  meridtani 
must  vary  in  every  latitude,  their  greatest  distance  b«ng  at  the  Equator,  <m 
which  the  difference  of  longitude  is  measured:  hence  the  diflerence  at 
lon^tude  always  exceeds  the  departure,  or  meridian  distance  (except  on 
the  Equator,  where  they  are  the  same),  in  proportion  as  the  given  |dacei 
are  situated  further  from  the  Equator. 

Parallel  Sailing  is  the  method  of  finding  the  distance  between  two 
places  in  the  same  latitude  when  their  difference  of  longitude  is  known,  or 
of  finding  the  difference  of  longitude  answering  to  the  meriiUan  distance  a 
departure  made  good,  when  a  ship  sails  due  east  or  west. 

This  suling  is  particularly  useful  in  making  small  or  low  islands,  in 
whidi  case  it  n  usual  to  run  into  the  latitude,  and  then  steer  due  east  or 
west 

The  principles  upon  which  Parallel  Suling  _ 

depends,  may  be  thus  illustrated :  Let  f  a  k  c 
represent  a  section  of  one-fourth  part  of  the  earth, 
through  the  centre  c,  and  one  of  the  Poles  p; 
then  p  A  E  will  be  part  of  a  meridian,  pc  the 
polar,  and  s  c  the  equatorial,  8emi-.axi8 ;  also  let 
p  B  o  represent  part  of  another  meridian,  a  and  b 
two  places  in  the  same  parallel,  being  equally 
distant  from  the  Equator  E  o  a ;  then  will  a  d  be 
the  meridian  distance,  and  K  o  their  difference  of 
longitude ;  the  arches  a  e  or  b  o  will  measure  " 

their  latitude,  and  a  p  or  s  p  their  co.  latitude ;  a  b,  the  radius  of  the 
parallel  a  b  s,  will  be  the  sine  of  the  arch  a  p,  the  co.  latitude ;  or  co.  sine 
of  A  E  the  latitude  of  a  or  b.  Now  the  angles  abb  and  E  c  o  being  equal, 
the  arches  a  b  and  e  o  are  similar ;  and  as  circles  and  rimilar  arches  of  circles 
are  in  direct  ratio  to  their  radii,  therefore 

Bc(arAc)  :  eo  ::  ab  :  Ab. 

That  it.  As  radius.  Or,  As  radius. 

Is  to  difference  of  loudtude,  Istoony  given  portion  of  the  Equator, 

So  it  GO.  sine  of  latitude,  So  is  co.  sine  of  latitiide. 

To  the  meridian  distance.  Toasimilarportiutofagivenparallel. 


n/c 
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Aiid,iR  :  A 


I  : :  K  c  (or  A  o)  :  e  o 
■iae  of  latitude 


Aim,  bo:bc::ab:ab. 
Tbat  is,  A»  differeactt  of  Icmgitilde 


Ib  to  radioB, 

So  is  meridian  diataim 

To  CO-  sine  of  latitude- 


So  is  radius 

To  difference  of  longitude. 
Hence,  if  a  triaoele,  as  a  B  c  (we  6gure  in  Case  I.)i  be  so  constructed 
that  the  longest  sioe  a  c  mar  lepreeent  the  difierence  of  lon^tude  in 
mfles,  the  base,  a  b  the  meiidian  oietance,  and  the  angle  o^osite  to  it 
A  c  B  the  CO.  latitude,  consequently  the  other  angle  B  a  c  equal  to  the 
latitude)  and  any  two  of  these  parts  be  given,  the  other  may  be  fbuod  bj 
Tiigonometr;. 


7^  D^erence  nf  I/mfpiu4e  hetweett  two  Places,  both  in  one  Parallel 
of  Latitude  given,  tojind  their  Distance' 

ExAHPLS.  A  slup  in  Islitode  S6°  S»  N.,  md  lon^tude  20^  ^5'  W.,  is 
bound  to  St.  Mai7*B,  one  of  the  Western  Islands,  in  the  same  latitude, 
ud  in  iMigitude  x5°  IS'  W.,  vhat  distance  must  ^e  run  to  arrive  at  the 
Island? 


Latitude 
Co, 


Longitude  of  skip    

Longitude  of  St.  Marj.. 


13  W. 


latitadfl.-53    3 


Diff.  of  longitude    4    48=388  mHM.' 


BY  OONSTRDCnON. 

Draw  the  line  a  b  of  any  length,  and 
make  the  angle  cab  eqaal  to  the  latitude 
WBS'  (Prob.  XII.  Geom.) ;  from  a  to  o 
liy  off  the  difierence  of  l<^tude  388, 
ud  from  c  draw  c  a  perpendicular  to  a  b 
(Ptob.  III.  Geom.) ;  then  vill  a  b  measure 
ttO,  the  departure  or  diatance  required. 


BY  CAirULATION. 
Tofnd  the  Departure  or  Dirtance, 

A« radius  IftOOOOO 

Is  to  tlie  difference  of  longitude  a  o  288. ..    2. 45939 
°    '   '■      ».  sine  of  latitude  3ff'68'  9.90254 


So  is  the  o 


12.  S6193 
10.00000 


To  the  dt^Krtore  or  diatanoe  a  b  23a  1 ...    2. 36198 
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BV  INaFECnON. 

Seek  for  &e  coin]Jeiiient  of  the  latitude  BSP  amaot  the  dmce»  in  die 
TtSTorse  Table,  as  if  it  weie  a  coune,  and  fiw  the  dinereBce  M  lonsihide 
288  in  one  of  the  distance  columns  of  ^t  page,  opponte  to  idiich,  in  lix 
departure  column,  will  be  fbund  9S0,  the  departure  or  distance  required. 

BY  OUNTEB'S  SCALEl 

Extend  ^m  90°  to  the  co.  ladtude  BSP  9!  on  the  line  of  sines ;  tlwl 
extent  iriQ  reach  from  the  difference  of  longitude  288  to  the  Hitmr*  9S0i  1 
on  the  line  of  numbers. 


Tha  DiHance  between  two  Placet  both  in  the  same  Parallel  of  Latitude 
given,  to^nd  the  D^brence  of  Longitude. 

Example.    A  ship  from  latitude  49° 33' N.,  and  longitude  10° l&W^ 
muIb  due  West  118  miles:  required  her  present  longitude. 

BY  CONSTEUCnON. 
Draw  the  line  a  b,  which  make  equal  to  the 
given  distance  118,  and  make  the  angle  cab 
eqnaItotheIatitude4g^S2'(Prob.XII.Oeom.);  c 
upon  B  erect  the  perpendicular  b  c,  cutting 
the  line  a  c  in  c  (Prob.  II.  Geom.) ;  then 
win  the  line  a  c  measure  182,  the  difference 
of  longitude  required. 


BY  CALCULATION. 


Tojiid  the  Diff.  of  Longilvde. 
As  CO.  sine  of  laL  49°32'       9. 81326 
Is  to  the  distance  a  ■  118      2.  O7I88 
80  is  radius  10.00000 


To  the  diff:  of  long.  181. 8     3. 25963 


To_^  the  Longitude  «. 
Ziongitude  left  10^   I&W. 

DiCof  longitude  182m.  or   3      2  W. 

Longitude  in  13     18  W. 


BY  INSPECTION. 


Look  for  the  co.  latitude  40°  in  the  Table,  as  a  course,  and  for  the 
distance  118  in  one  of  the  departure  columns,  opposite'  to  which,  in  the 
distance  column,  will  he  found  184;  but  as  die  ca  latitude  is  nearly  half 
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vay  between  40^  ind  41°,  look  again  in  the  pa^  with  41°  at  the  top,  for 
dw  distance  1 18  in  one  of  the  departure  coTumnB,  and  opponte,  in  ihe 
distance  column,  will  be  found  180 ;  then  half  the  sum  of  this  and  184^ 
fiiand  before,  will  be  18S,  the  difference  of  longitude. 

BY  GDNTER'S  SCALE. 
Extend  firom  the  co.  latitude  40°  S6'  to  radius  90^  on  the  line  of  sines ; 
dut  extent  will  reach  firom  the  distance  118  to  the  difierence  of  longitude 
18S  miles. 

CASE  III. 

The D^renceof  Longitude  andDiatance  between  two  Places  in  theaame 
Parallet  of  Latitude  given,  to  ^nd  the  Latitude  of  that  ParaUel, 

ExAUPLB.  A  ship  sails  due  East  156  miles,  and  then  finds  she  has 
altered  her  longitude  S14  miles :  required  the  latitude  of  the  parallel  she 
has  sailed  on. 

BY  CONSTRUCTION. 

Draw  the  line  a  b,  and  make  it  equal  to  the  dis- 
tance 156;  on  b  erect  the  perpendicular  b  c,  and 
with  an  extent  in  the  compasses  equal  to  the  di^r- 
ence  cf  longitude  S14,  set  one  foot  in  a,  and  with 
the  other  describe  an  arch  cutting  b  c  in  c,  and 
draw  the  fine  a  c  ;  then  the  angle  cab  will  measure 
60''  13'  (Frab-  XIII.  Geom.),  the  latitude  required. 


BV  CALCUI4ATION. 

Tojind  the  Parallel  of  LalUude  tailed  on. 

As  the  difference  of  longitude  A  c  314  ...    3.49693 

Ib  to  radius 10.00000 

80  is  the  distance  or  departure  la  150  ...    3. 19313 


To  CO.  line  ofthe  latitude  60°  13'  9.6 


BY  INSPECTION. 
Seek  in  the  several  pages  of  the  Table  till  half  the  difierence  of  longitude 
and  distance,  viz.  157  and  78,  (the  whole  exceedbg  the  limits  of  the  Table) 
are  found  opposite  each  other  in  the  distance  and  departure  odumns, 
which  will  give  the  co.  latitude  30°  at  the  top  of  the  page,  and  conse- 
quently the  latitude  required  will  be  60°. 

M   S 


b,  Google 


PARALLBL  8AILIMO. 


BY  OUNT£R'S  SCALE. 


Extend  from  the  difference  of  lon^tude  314  to  dte  distMK«  IS6  «b  At 
line  of  numbeTB ;  tliat  extent  wUl  nadi  from  90°  to  the  complement  of 
the  latitude  9^  Vt'  on  the  line  of  sines :  hence  the  latitude  leqinred  is 
6(F13'. 

EXAMPLES  FOE  EXBBCISE. 

1.  A  ship  having  taken  her  departure  from  North  Cape,  New  Zealaad, 
in  latitude  31°  ^  S.,  and  longitude  173°  KK  E.,  bebg  bound  to  Port 
Jackson,  sails  due  West  until  she  arrires  in  lonptude  1^  35'  E. :  required 
her  distance  run. 

Answer.  Distance  474.  4  miles. 

S.  A  ship  from  Bucbanness,  in  latitude  57°  29'  N.,  and  longitude 
1°  47'  W.,  sails  due  East  1 9&  miks :  required  her  present  lon^tude. 

Answer.  Longitude  in  if  6'  E. 

3.  A  ship  in  latitude  S^P  %%'  N.,  and  lon^tude  59°  ^  W.,  saih  West 
86s  miles  :  required  her  distance  from  the  Island  of  Bermuda,  in  tlie  same 
latitude,  and  in  longitude  64°  43'  W. 

Answer.  Distance  of  ship  from  Bermuda  962.  6  miles. 

4.  A  ship  in  latitude  60°  N.,  and  loi^tude  S3P  SO'  W.,  suls  West  900 
miles :  required  her  present  longitude. 

Answer.  Longitude  in  29°  IC  W. 

5.  If  a  ship  take  her  d^arture  from  Cwe  St.  Antmio  (at  the  antnBea 
to  the  River  Plate),  which  lies  in  latitude  36°  19'  S.,  and  lon^itndo 
fiff'  42'  W.,  how  far  must  she  sul  due  East  to  arrive  at  the  meridian  of 
the  Cape  of  Good  Hope,  in  longitude  18^  94'  E.P 

Answer.  9631  miles. 

6.  In  what  parallel  of  latitude  is  the  departure  or  meridian  distance 
one  third  the  diiference  of  longitude  P 

Answer.  In  Utitude  70°  8S'. 

7.  A  ship  from  loiuitude  81°  36^  W.,  suls  West  310  miles,  and  thra 
finds  by  observation  she  is  in  longitude  91°  ffCK  W.;  on  what  parallel  of 
laritude  has  she  sailed  ? 

Answer.  In  latitude  Sy  41'. 

8.  Suppose  a  ship  from  latitude  35°  30'  N.,  and  longitude  6°  15'  W., 
■ails  West  250  miles,  North  535  miles,  and  then  East  250  miles :  required 
her  present  latitude  and  longitude. 

Answer.  Latitude  44°  IS'  N.,  and  longitude  fiP  83'  W. 

9.  A  ship  from  latitude  49°  89'  N.,  and  lonptude.91°  56'  W.,  sails 
N.  W.  by  N.  aO  miles,  S.  W.  40  miles,  N.  E.  by  E.  60  mike,  S.  E. 
65  miles,  W.  by  S.  41  miles,  and  E.  N.  E.  66  miles:  required  her  present 
latitude  and  longitude. 

Answer.  Latitude  49°  82'  N.,  and  longitude  20°  8'  W. 
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(86) 

MIDDLE  LATITUDE  SAILING. 


WHEN  «  ship  auls  due  North  or  South,  she  keeps  on  the  mna 
BteridUo,  and  therefore  does  not  change  her  lonfptude,  and  her  distance 
nm  is  the  difference  of  latitude :  consequently  her  place  is  easily  deter- 
mined by  the  latitude  left,  and  dit&ience  of  latitude.  Again,  when  a  ship 
suls  due  East  or  West,  her  difference  of  lon^tude  is  found  by  the  latitude 
in,  and  departure  or  meridian  distance,  as  already  explained  in  Parallel 
Sulinff ;  but  when  she  sails  upon  any  other  conrse,  she  changes  both  her 
latituae  and  lon^tude.  Now  the  difference  of  longitude  cannot  be  inferred 
dther  from  the  departure,  considered  as  a  meridian  distance  in  the  latitade 
left,  or  that  come  to ;  for  in  the  greater  bidtude  it  wwidd  ervc  the  difference 
of  longitude  too  much,  and  in  the  lesser  latitude  too  littfe:  the  departure 
is  theiefbre  accounted  a  meridian  distance  in  the  mean  of  the  two  latitudes, 
ud  then  the  difference  of  longitude  is  found  as  in  Parallel  SsHing;  hence 
this  method,  whi^  is  compounded  of  Plane  and  Parallel  Saifing,  is  called 
MiDDLK  Latitude  Sailing. 

The  middle  latitude  is  haff  the  som  of  the  two  latitudes  when  they  are 
of  tke  same  name ;  or  half  their  di^rence,  if  of  contrary  names.* 

This  method  of  sailing,  al^ugh  not  Bttictly  accurate,  especially  in  high 
labtudes,  approaches  sumciently  near  the  truth  for  a  -d^'s  nm ;  but  it  is 
used  {nindinlly  in  low  latitudes,  and  when  the  ship  makes  a  course  nearly 
east  or  west. 

CASE  I. 

The  Latitudes  and  Longitudes  of  tujo  Pkuxs  given,  to  Jind  the 
Course  and  Distance  between  them. 

Example.  Required  the  course  and  distance  from  Cape  St.  Vincent,  in 
latitude  S7°  3'  N.,'and  longitude  9°  1'  W,  to  Funchal,  in  Madeira,  in 
latitude  3^°  ii»  N.,  and  longitude  16^  d6'  W. 

*  1^  middle  tUltuda  compuled  u  abore,  not  bring  euctlf  th«  paillM  tn  «4ildi 

Mtrjdian  dinanoe  )i  equal  to  tiw  in ■ ■*■ —  --—"-' ' ■- "-* 

true  middle  Utituda.  may  be  found 


(lin^)di 


)i  equal  to  tiw  deoamuw,  the  comet  patalM,  or  •«  it  may  be  odled,  tfa* 

. do,  may  be  found  by  the  folloirii^  Droportion,  iri«..  Her.  diff.  latitude  i 

d^.  latitude  :  i  radius  t  GO.  dne  (true)  middle  latitude;  whidi  propordon  may  be 
. ..  'OMigatcd  : — 

fint.  By  Middle  Latitude  SaiUng,  diff.  lat.  i  diff.  long.  1 1  co.  line  middle  lat.  :  taogeot 
diff.  long,  X  ">■  ii.  mid.  lab  . -^    ,,  .  „  ... 

Mnne;  therefore, Jig  "hi~ — -  i=t»iigenlconriei  and  by  Merealor'iSailinj, 

U<r.  £ff.  lab  ;  diff.  long.  : :  ndlui  :  tangent  course.  Or  — "Mer  ditf '  Ei ^  tangent 

_  M.  long.  X  CO-  n.  mid.  lat.       diff.  long.  X  ladiua,  ,     „ 

wcTU.     H«»e  ^—^iiff:  uX =       Me;,  diff.  Ut.       """«t«-tly  Her.  -«ff. 

lat-  X  eo.  d.  mid.  lat.  :=  rvdiui  X  ^f.  Ut.,uid  therefore  Mer.  diff.  tat.  i  radiui  :  (proper) 
diff.  lat.  : :  co.  ai.  (tme)  middle  latitude ;  or  Her.  diff.  1st.  :  (proper)  diff.  lat.  :  ndiua  :  00. 
rine  (tme)  middle  latitude. 
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PABALLBL  8AIL1NO. 


BY  GUNTER-S  SCALE. 


Extend  from  the  difference  of  lon^tude  314  to  Ae  distance  156  <m  <be 
line  of  numbers;  diat  extent  wUl  tmcIi  from  90°  to  the  comideineBt  of 
the  latitude  Sff'  Yl'  on  the  line  of  sines  :  hence  the  latitude  required  it 
6(P13'. 

EXAMPLES  FOK  EXESCISE. 

1.  A  ship  h&Tnig  taken  her  departure  from  North  Cape,  New  Zmlanrli 
in  latitude  Si°  24'  S.,  and  longitude  173°  lO*  E.,  being  bound  to  Pest 
Jackson,  sails  due  West  until  she  arrives  in  longitude  168^  35'  E. :  requbed 
her  distance  run. 

Answer.  Distance  474.  4  miles. 

2.  A  ship  from  Buchanness,  in  latitude  57°  29'  N.,  and  longitude 
1°  47'  W.,  sails  due  East  1 26  miles :  required  her  present  longitude. 

Answer.  Longitude  in  2°  6'  E. 

3.  A  ship  in  latitude  S2P  22'  N.,  and  lonntude  £2P  ffiV  W.,  saih  Wett 
865  miles  :  required  hei  distance  from  the  Island  of  Bermuda,  in  d>e  same 
latitude,  and  in  longitude  64°  48'  W. 

Answer.  Distance  of  ship  from  Bermuda  262.  6  miles. 

4.  A  ship  in  latitude  60°  N.,  and  longitude  22°  SCV  W.,  suls  West  SOO 
miles :  required  her  present  longitude. 

Answer.  Longitude  in  29°  Kf  W. 

5-  If  a  ship  take  her  departure  fitom  Cne  St  Antonio  (at  the  oitivace 
to  the  River  Plate),  which  lies  in  latitude  36°  W  S.,  and.  loogkode 
56°  42'  W.,  how  far  must  she  sul  due  East  to  arrive  at  the  meridian  of 
the  Cape  of  Good  Hope,  in  longitude  IgP  24'  E.  P 

Answer.  36S1  miles. 

6.  In  what  parallel  of  laUtude  is  the  departure  or  meridian  distance 
one  third  the  diiTerence  of  lon^tude  P 

Answer.  In  latitude  70^  32', 

7.  A  ship  from  U>ngitude  81°  36'  W.,  sails  West  310  miles,  and  tboi 
finds  by  observation  she  is  in  loi^tude  91°  Off  W.;  on  what  paraUd  at 
latitude  has  she  sailed  ? 

Answer.  In  latitude  69^  41'. 

8.  Suppose  a  sh^  from  latitude  35°  30'  N.,  and  longitude  6°  16'  W., 
sails  West  250  miles.  North  525  miles,  and  then  East  250  miles :  required 
her  present  latitude  and  longitude. 

Answer.  Latitude  44°  16'  N.,  and  longitude  6°  83'  W. 

9.  A  ship  from  latitude  49°  32'  N.,  and  longitude  .91°  56'  W.,  suls 
N.  W.  by  N.  20  mUes,  S.  W.  40  miles,  N.  E.  by  E.  60  miles,  S.  E. 
55  miles,  W.  by  S.  41  miles,  and  E.  N.  E.  66  miles :  required  her  present 
latitude  and  loi^tude. 

Answer.  Latitude  49°  82'  N.,  and  longitude  20°  8-  W. 
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(85) 

MIDDLE  LATITUDE  SAILING. 


WHEN  «  ship  Buls  due  North  or  Soutb,  she  keeps  on  the  same 
neridiaD,  and  therefore  does  not  change  her  longitude,  and  her  distance 
run  is  the  difference  of  latitude :  comequently  her  place  is  easily  deter- 
mined by  the  latitude  left,  and  difference  of  latitude.  Again,  vhen  a  ship 
tuU  due  East  or  West,  her  difference  of  loi^tude  is  found  by  the  latitude 
in,  sod  departure  or  meridian  distance,  as  already  explained  in  Parallel 
Sulinff;  but  when  she  sails  upon  any  o£her  course,  she  changes  both  her 
latitude  and  lonratude.  Now  the  difference  of  longitude  cannot  be  inferred 
either  from  die  oepartusre,  considered  as  a  meridtan  distance  in  the  latitode 
left,  or  that  come  to ;  for  in  die  greater  latitude  it  mrald  giire  the  difference 
of  longitude  too  mudi,  and  in  the  lesser  latitude  too  Uttle :  the  departure 
is  therefore  accounted  a  meridian  distance  in  the  mean  of  the  two  latitudea, 
ind  then  the  difference  of  longitude  is  found  as  in  Parallel  Siting;  hence 
ihie  method,  whi^  is  compounded  of  Plane  and  Parallel  SaiHng,  is  called 
MiDDLK  Latitude  Sailing. 

The  middle  latitude  is  haff  the  sum  of  the  two  latitudes  when  they  ate 
rftke  same  name ;  or  half  theii  difference,  if  of  contrary  names.* 

This  method  of  sailing,  aldiou^  not  atiicdy  accurate,  especially  in  high 
latitudes,  approaches  sufficiendy  near  the  truth  for  a  diay's  run ;  but  it  is 
used  piindpally  in  low  latitudes,  and  when  the  ship  makes  a  coiirse  nearly 
eist  or  west. 

CASE  I. 

The  Latitudes  and  Longitudes  of  two  Places  given,  to  Jtnd  the 
Course  and  Distance  between  them. 

Example.  Required  the  course  and  distance  from  Cape  St.  Vincent,  in 
ladtade  37°  S'  N.,/and  longitude  9°  V  W .,  to  Funchal,  in  Madeira,  in 
lititnde  S2°  &&'  N.,  and  longitude  l^'  56'  W. 

*  The  middle  brtltDde  computed  u  • 
■HfMUd  diftanoe  h  eqaal  to  tM  dmartii 
true  middle  Ifttitude.  may  be  found  by  tl  r  \     ■ 

hnfti)  as.  latitadii  : :  ndliu  i  go.  nne  (true)  Duddle  Utilude;  nhich  propDrtion  may  be 
uiat  iiiTntigsted : — 

Yim,  Bf  Middle  LMJtnde  Sailing,  diff.  Ist.  t  dUT.  long,  i :  ca>  tia»  middle  Ut.  :  tangent 
diff,  long,  X  00.  «i.  mid.  Uc  ,...,„  ... 

MDN  i  therefore,  ■^-  jjj  -j^ ^nangent  ooune  j  and  by  Menaliir'*  SaUuif , 

Her.  diff.  lat.  :  dl£  long.  : :  radiiu  :  tangent  courie.  or  — w       .-^  ,   =:  taagwne 

„         aiff:  bmg.  X  CO-  n.  mid.  IbI.       diff.  Img.  X  mdini,  ,     „ 

««T»     H<n«e- ^^g-^ =       iler.  dig.  Ut.       «»"»q»«"tly  Mer.  «ff. 

iKt-  X  CO.  iL  mid.  Ut.  ■=  ndiui  X  diff.  lal.,  and  iherefore  Mer.  diff.  laC  i  nidiiu  :  (proper) 
diff.  let.  ::  co.  (i,  (trtie)  middle  latitude;  or  Mer.  diff.  lat.  :  (proper)  diff.  lat.  i  radiiu  :  oo. 
uoe  (true)  middle  latitude. 


b,GoogIc 


P^I^LLBL  SAILIlie. 


BY  OUNTGE'S  SCALE. 


Extend  firom  the  difference  of  longitude  S14  to  the  distance  156  en  the 
line  of  numbers ;  that  extent  will  rewdi  from  90°  to  the  com^eanent  ^ 
the  latitude  9lSP  VI'  on  the  line  of  ones :  hence  the  latitude  required  i> 
60°  18'. 

EXAUFLES  FOB  EXERCISE. 

1.  A  ship  having  taken  her  departure  fiom  North  Cape,  New  Zedosd, 
in  latitude  34°  S4'  S.,  and  longitude  173^  W  E.,  b^  bound  to  P«t 
Jackson,  suls  due  West  undl  she  arrives  in  longitude  168°  S5'E.:  required 
her  distance  run. 

Answer.  Distance  474.  4  miles. 

St.  A  ship  from  Bucbanness,  in  latitude  57°  S9'  N.,  and  loDg;itade 
1°  47'  W.,  sails  due  East  1 25  miles :  required  her  present  longitude. 

Answer.  Longitude  in  %?  6'  £. 

3.  A  ship  in  latitude  SSP  9S;  N.,  and  lonptude  52°  80'  W.,  saib  Wat 
865  miles :  required  her  distance  from  the  luaod  of  Bermuda,  in  ^  une 
latitude,  and  in  longitude  64°  43'  W. 

Answer.  Distance  of  ship  from  Bermuda  26S.  6  miles. 

4.  A  ship  in  latitude  60°  N.,  and  longitude  29?  SC  W^  sails  West  MO 
miles :  required  her  present  loi^tude. 

Answer.  Longitude  in  £9°  KK  W. 

5.  If  a  ^lip  take  her  dntaiture  from  Cue  St  Antonio  (at  ^  mttaBce 
to  the  River  Plate),  which  lies  in  latitude  36°  19'  S.,  and  loogitode 
50^  42'  W.,  bow  far  must  she  stui  due  East  to  arrive  at  the  meridian  rf 
the  Cape  of  Good  Hope,  in  longitude  18°  24'  E.  ? 

Answer.  S6SI  mUes. 

6.  In  what  parallel  of  latitude  is  the  departure  or  meridian  distance 
one  third  the  difference  of  longitude  f 

Answer.  In  latitude  70°  32'. 

7.  A  ship  from  longitude  81°  36'  W.,  sails  West  310  miles,  and  then 
finds  by  observation  she  is  in  longitude  91°  W  W.;  on  what  paialld  of 
latitude  has  she  siuled  ? 

Answer.  In  latitude  59°  41'. 

&  Suppose  a  sh^  from  latitude  35°  30'  N.,  and  longitude  Gf  16'  W., 
sails  West  250  miles.  North  525  miles,  and  then  East  250  miles :  required 
her  present  latitude  and  longitude. 

Answer.  Latitude  44°  16'  N.,  and  longitude  5°  33'  W. 

9.  A  ship  from  latitude  49°  32'  N.,  and  lon^tude.21°  56'  W.,  sails 
N.  W.  by  N.  20  miles,  S.  W.  40  miles,  N.  E.  by  E.  60  mUes,  S.  E. 
55  miles,  W.  by  S.  41  miles,  and  E.  N.  E.  66  miles :  teqiured  her  present 
latitude  and  loimtude. 

Answer.  Latitude  49°  32'  N.,  and  longitude  80^8'  W. 


b,  Google 


(8S) 

MIDDLE  LATITUDE  SAILING. 


WHEN  R  ship  sails  due  North  or  South,  she  keeps  on  the  asme 
meridian,  and  therefore  does  not  change  her  longitude,  and  her  distance 
nm  is  the  difference  of  latitude:  consequently  her  place  is  easily  deter- 
mined by  the  latitude  left,  and  difference  of  latitude.  Agtun,  when  a  ship 
Bulfl  due  East  or  West,  her  difference  of  longitude  is  found  by  the  latitude 
in,  and  departure  or  meridian  distance,  as  already  explained  in  ParsJlel 
Suliiw;  but  when  she  sails  upon  any  other  course,  she  changes  both  her 
latitude  and  lonntude.  Now  the  dimrence  of  longitnde  cannot  be  inferred 
eitlier  from  the  departure,  considered  as  a  meridian  distance  in  the  latitude 
left,  or  that  come  to;  for  in  die  greater  latitude  it  wmdd  give  the  difference 
of  longitude  too  much,  and  in  the  lesser  latitude  too  little :  the  departure 
is  therCTore  accounted  a  meridian  distance  in  the  mean  of  liie  two  latitudes, 
and  then  the  dilTeTeDce  of  lon^tude  is  found  as  in  Parallel  SaSing;  hence 
this  method,  which  is  compounded  of  Plane  and  Parallel  SaiBng,  is  called 
MiDOLK  Latittde  Sailing. 

The  midtfe  latitude  is  half  the  sum  of  the  two  latitudes  when  they  are 
of  the  same  name;  or  half  their  (MeTence,if  of  contrary  names.* 

This  method  of  sailing,  aldiough  not  ttncdy  accurate,  especially  in  high 
latitudes,  approaches  sufficiently  near  the  truth  for  a  day's  run ;  but  it  is 
ased  prindjMilly  in  low  latitudes,  and  when  the  ship  makes  a  course  nearly 
eistorweat. 

CASE  I. 

The  Latitudes  and  Longitudes  of  two  Places  given,  io  ^find  the 
Coarse  and  Distance  between  them. 

ExAUPLE.  Required  the  course  and  distance  ftom  Cape  St.  Vincent,  in 
latitude  37°  3'  NT,/and  longitude  9^  1'  W.,  to  Funcbal,  in  Madeira,  in 
latitude  32°  SS-  N.,  and  lon^tude  1^  66'  W. 

*  tile  middle  bultn^  computed  u  mbore,  mtt  baing  exactly  Ae  |«nd]«l  in  wfcich  die 
bUIui  dittAQce  It  equal  to  tbe  deBartiu«,  iba  oorrect  panlld,  or  M  it  may  beoAed,  ito 
Inie  roiddle  latitude,  may  be  fouod  by  tbe  foUowiag  propartiiiD,  si*..  Her.  difF.  Utinide  i 


<nBUlan  dittance  It  equal  to  tbe  deBartiu«,  iba  oorrect  pendld,  or  a*  it  may  lieaAed,  ito 
Inie  roiddlB  latitude,  may  be  fouod  by  tbe  foUowiag  proportioD,  via..  Her.  difF.  Utinide  i 
(frav")  diff.  latitude  : :  radiui  i  co.  line  (true)  middle  latitude;  which  proportion  swy  lie 
thui  invMtigated  :— 
Tan,  By  Middle  Ledtnde  Sailing,  diff.  lai.  i  diff.  long.  : :  co.  tine  middle  lat.  i  tangent 
diff.  loniF.  X  00-  >i.  ■niJ-  let- 
BniMt  therefore,  iiS'Ui. — '~'~"  ='"'S*"*  """•*  i  •■" ''J' Mercator'i  Sailing, 

Mar.  diff,  lat.  i  diff.  loog.  : :  ndlua  :  tangent  cour«e,   or  — Mer  "ditf  lat ^  taogBBt 

,^_^     „        *^'  l"^-  X  eo.  ri.  mid.  tar.      dij^.bmp.  X  T»dini,  ,    „       .^ 

l«t  X  CO.  ^  mid.  Ut,  ^  rediut  X  ^t  '"t-.  "id  therefore  Mer,  diff.  lat.  :  radiui  ;  (proper) 
^.  lat.  : :  CD.  •!.  (true)  middle  latitude ;  or  Her.  diff.  lat.  t  (proper)  diff,  laL  :  radiua  i  on. 
Am  (true)  middle  latitude. 
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PARALLBL  SAILtMO. 


BY  OUNTEB'8  SCALE. 


Extend  from  the  difference  of  longitude  S14  to  die  distance  IS6  on  iIm 
line  of  Dumben ;  that  extent  will  Tcadi  from  90°  to  the  compleinent  ef 
the  latitude  29°  47'  on  the  line  of  dues :  bence  the  latitude  required  is 
60P18'. 

EXAMPLES  FOB  EXEBCISE. 

1.  A  ship  having  taken  her  departure  from  North  Cape,  New  Zealandi 
in  latitude  Si°  24'  S.,  and  longitude  173°  lO-  E.,  being  bound  to  Ptat 
Jacbson,  auls  due  West  imdl  she  arrives  in  longitude  16S°S5'R:  requiied 
her  distance  run. 

Ansver.  Distance  474.  4  miles. 

5.  A  ship  from  Buchanness,  in  latitude  51°  29'  N.,  and  longitude 
1°  47'  W.,  sails  due  East  1 25  miles  :  requii«d  her  preseat  longitude. 

Answer.  Loi^tude  in  2°  6'  E. 

8.  A  ship  in  htdtude  32?  22'  N.,  and  longitude  €2P  W  W.,  saib  WeK 
365  miles  :  rajuired  her  distance  from  the  Island  (d  Bermuda,  in  die  same 
latitude,  and  in  longitude  64^^  *S'  W. 

Answer.  Distance  of  ship  from  Bermuda  262.  6  miles. 

4.  A  ship  in  latitude  60°  N.,  and  longitude  22P  Stf  W.,  sails  West  900 
miles :  required  her  present  toi^tude. 

Answer.  Longitude  in  29°  lO"  W. 

5-  If  a  ship  take  her  departure  from  C^ie  St  Antonio  (af^  entraoM 
to  the  River  Plate),  which  lies  in  latitude  86°  19'  S.,  and.  longitude 
5&'  42'  W.,  how  far  must  she  sail  due  East  to  arrive  at  the  meridian  of 
the  Cape  of  Good  Hope,  in  longitude  18°  24'  E.P 

Answer.  9681  miles. 

6.  In  what  parallel  of  latitude  is  the  departure  or  meridian  distance 
one  third  the  diiference  of  longitude  P 

Answer.  In  latitude  70°  82'. 

7.  A  ship  frt>m  loiu;itude  81°  36'  W.,  suls  West  310  miles,  and  then 
finds  by  observation  she  is  in  lon^tude  91°  50'  W.;  on  what  parallel  of 
latitude  has  she  sailed  ? 

Answer.  In  latitude  59°  41'. 

8.  Suppose  a  shqi  from  latitude  S5°  SC  N.,  and  longitude  6°  15'  W., 
sails  West  2S0  miles.  North  525  miles,  and  then  East  250  miles :  required 
her  present  latitude  and  lonj^tude. 

Answer.  Latitude  44°  16'  N.,  and  longitude  6°  39'  W. 

9.  A  ship  from  latitude  49°  32'  N.,  and  lonptude.21°  56'  W.,  sails 
N.  W.  by  N.  20  miles,  S.  W.  40  mUes,  N.  E.  by  E.  60  milea,  S.  E. 
65  miles,  W.  by  S.  41  nules,  and  E.  N.  E.  66  miles :  requiied  her  present 
latitude  and  lonrntude. 

Answer.  latitude  49°  82'  N. ,  and  longitude  ittP  8'  W. 
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MIDDLE  LATITUDE  SAILING. 


WHEN  a  ship  stuls  due  North  or  South,  she  keeps  od  the  aama 
raeridian,  and  therefore  does  not  chaoge  her  lon^tudfi)  and  her  distance 
run  is  the  difference  of  latitude :  consequently  her  place  is  easily  deter- 
mined by  the  latitude  left,  and  di&rence  of  latitude.  Again,  when  a  ship 
Buls  due  East  or  West,  her  difference  of  longitude  is  found  by  the  latitude 
in,  and  departure  or  meridian  distance,  as  already  explained  in  Parallel 
Suling;  but  when  she  sails  upon  any  othet  coarse,  she  changes  both  her 
latitude  sad  lon^tude.  Now  the  diflerence  t>f  longitude  cannot  be  inferred 
either  from  Uie  departure,  considered  as  a  meridran  distance  m  the  latitude 
left,  or  that  come  to;  for  in  die  greater  latitude  It  would  gire  the  difference 
of  lon^tude  too  much,  and  in  the  lesser  latitude  too  little :  the  departure 
is  therefore  accounted  a  meridian  distance  in  the  mean  of  tbe  two  latitudes, 
and  then  the  difference  of  longitude  is  found  as  in  Faralld  Saving;  hence 
this  method,  which  is  compounded  of  Plane  and  Parallel  SaiBng,  is  called 
MiuDLK  Latitude  Sailing. 

The  middle  lautude  is  half  the  sum  tX  the  two  latitudes  when  they  are 
ofdK  same  iiame;orhalf  their  difibrence,  if  of  contrary  names.* 

This  method  of  sailing,  aldiou^  not  atnctly  accurate,  especially  in  high 
latitudes,  iq)proache8  Bumiuently  near  the  truth  for  a  -day's  run ;  but  it  is 
Died  principiilly  in  low  ladtudes,  and  when  the  ship  makes  a  course  nearly 
e»st  or  west. 

CASE  I. 

The  Latitudes  and  Longitudea  of  two  Placet  given,  to  Jind  the 
Course  and  Distance  between  them. 

ExAUPLE.  Required  the  course  and  distance  from  Cape  St.  Vincent,  in 
Utitode  37°  3'  Nyand  longitude  9°  1'  W,  to  Funchal,  in  Madeiia,  in 
Uutude  32°  3*  N.,  and  longitude  Iff-  56'  W. 


«  daaartiiK,  Uib  oorroct  pAndlct,  or  m  it  way  be  cded,  d 
und  by  tl      ' "     ■  '      "       ■■-•■■• 


tiae  middle  Utilude,  majr  be  found  \>j  the  following  proponian,  vi>..  Her.  diff.  latitude  i 

{iMvptr)  diS.  lAtimde  :  i  radina  :  co.  due  (tnM)  middle  Ulltude;  which  proportion  wj  be 

uiui  inroitigited  :— 

Hm,  By  Middle  Luitnde  Suiting,  diff.  Ui.  :  dlff.  long.  : :  co.  une  raiddte  lab  t  tangent 

diff.  long.  X  DO'  >i.  mid.  lab  . ,    ..  „  ... 

i)HT~uV" ^Sangont  courae;  and  by  Mercator  i  SaJin|[, 

u^   ...  ,  „„  ,  ■  ,.  ^'ff.  'ong-    X  radius 

Mar.  dlff.  lau  j  diff.  long.  : :  radiui  :  tangent  coujm,   or  flier  ditf  lat ^  tangent 

ow,^    B«M«  -*--=^-diff.-lair^ =       lUer.  Jiff.  lat.       """'V^^Y  M^-  ■*"- 

■^t-  X  CO.  ri.  mSd.  lat.  ^  radiua  X  diff,  lat.,  and  ttierefare  Mar.  diff.  tat.  i  radiui  :  (proper) 
diff.  lat.  ::  oot  u.  (true)  middle  latitude ;  or  Her,  diff.  lat.  i  (proper)  diff.  lab  :  radiua  i  eo, 
■ine  (true)  middle  latitude. 
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PABALLBL  SAILINS. 


BY  OUNTSR'S  SCALE. 


Extend  from  the  difference  of  longitude  S14  to  die  distsnoe  166  m  At 
line  of  numbers ;  that  extent  will  Tend)  from  90°  to  the  com|riement  of  . 
the  Utitude  9SF  Vt'  on  the  Une  of  sines :  hence  the  latitude  requiied  ii 
60°  13'. 

EXAHPLES  FOR  EXERCISE. 

1.  A  ship  having  taken  her  departure  from  North  Cape,  New  Zetlttd, 
in  latitude  3^  24"  S.,  and  longitude  173°  10'  E.,  bang  bound  to  Port 
Jackson,  stuls  due  West  until  she  arriTes  in  longitude  16S^S5'  £.:  retjuind 
her  distance  run. 

Answer.  Distance  474.  4  miles. 

2.  A  ship  from  Bucfaanness,  in  latitude  57°  29'  N.,  and  longitude 
]o  ^fi  Tflf_^  g^ijg  j„g  ]gj^t  ]  25  tnilea :  required  her  present  lonj^tude. 

Answer.  Longitude  in  2°  6'  £. 

3.  A  ship  in  latitude  38°  Z»  N.,  and  lonptude  59P  80-  W.,  saOs  Wat 
865  miles  :  required  her  distance  from  the  Utmd  of  Bermuda,  in  die  suae 
ktitude,  and  in  lonptude  64°  43'  W. 

Answer.  Distance  of  ship  from  Bermuda  362.  6  miles. 

4.  A  ship  in  latitude  60°  N.,  and  lon^tude  SSP  SO'  W.,  saila  West  SOO 
miles :  required  her  present  loi^tude. 

Answer.  Longitude  in  S.^  W  W. 

5.  If  a  Mp  take  ber  dntaiture  from  Ctepe  Sl  Antonio  (at  the  entiwtt 
to  the  River  Plate),  which  lies  in  latitude  90>  19'  S.,  and.  loiwkade 
6^  42'  W.,  how  far  must  she  sail  due  East  to  arrire  at  the  meri&n  rf 
the  Cape  of  Good  Hope,  in  longitude  18°  24'  E.i> 

Answer.  3631  miles. 

6.  In  what  parallel  of  latitude  is  the  departure  or  meridian  dittsiM 
one  third  the  dinerence  of  longitude  f 

AnswCT,  In  latitude  70°  32'. 

7.  A  ship  froni  longitude  81°  36'  W.,  suls  West  310  miles,  and  tha 
finds  by  observation  she  is  m  longitude  91°  00'  W.;  en  what  parallel  i' 
latitude  has  she  sailed  ? 

Answer.  In  latitude  59°  41'. 

8.  Suppose  a  sh^  from  latitude  85°  30'  N.,  and  longitude  6°  15'  Wi 
suls  West  250  miles,  North  S'iS  miles,  and  then  East  250  miles :  requhed 
her  present  latitude  and  lonj^tude. 

Answer.  Latitude  44°  15'  N.,  and  longitude  6°  33'  W. 

9.  A  ship  from  latitude  49^  82'  N.,  and  longitude  .21°  66'  W.,  ssib 
N.  W.  by  N.  20  miles,  S.  W.  40  miles,  N.  E.  by  E.  60  mUee,  S.  £■ 
55  miles,  W.  by  S.  41  miles,  and  E.  N.  E.  66  miles :  required  her  pe^ 
latitude  and  longitude. 

Answer.  Latitude  49°  32'  N.,  and  lonptude  20°  8'  W. 
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MIDDLE  LATITUDE  SAILING. 


WHEN  a  ship  sula  due  North  or  South,  she  keeps  on  the  same 
meridian,  and  therefore  does  not  diaoge  her  longitude,  ani  her  distance 
run  is  the  difference  of  latitude :  consequently  her  place  is  easily  deter- 
mined by  the  laQtucb  left,  and  difierence  of  latitude.  Again,  when  a  ship 
Bails  due  East  or  West,  her  difierence  of  lon^tude  is  found  by  the  latitude 
in,  and  departure  or  meridian  distance,  as  already  explained  in  Parallel 
StulinE ;  but  when  she  sails  upon  any  other  course,  she  changes  haA  her 
latituoe  and  lonntude.  Now  the  difference  of  longitude  cannot  be  infetretl 
ettber  from  Ae  departure,  considered  as  a  meridian  distance  in  the  latitude 
left,  01  that  come  to;  for  in  the  greater  latitude  it  vould ^ive  the difierence 
of  longitude  too  mudi,  and  in  the  lesser  latitude  too  litde:  the  departure 
is  therefore  accounted  a  meridian  distance  in  the  mean  of  the  two  latitudes, 
and  then  the  difilerence  <^  longitude  is  found  as  in  Pandld  Sluing;  hence 
this  method,  vhidi  is  compounded  of  Plane  and  Parallel  Saifing,  is  called 
Middle  Latitude  Sailing. 

The  mid^e  latitude  is  half  the  sum  of  the  two  latitudes  when  they  are 
of  ike  same  name;  or  half  their  difference,  if  of  contrary  names.* 

This  method  of  sailing,  altlutugb  not  stxictly  accurate,  especially  in  high 
latitudes,  ^proaches  sufficiently  near  the  truth  for  a  Jay's  run ;  but  it  is 
used  principally  in  low  laritudes,  and  when  the  ship  makes  a  course  nearly 
eist  or  west. 

CASE  I. 

The  Latitudea  and  Longitudea  of  two  Placea  ^ven,  to  Jind  the 
Courae  and  Diatance  between  them. 

Example.  Required  the  course  and  distance  &om  Cape  St.  Vincent,  in 
latitude  ST  S'  N!^ and  longitude  9°  1'  W.,  to  Funchal,  in  Madeira,  in 
li&tude  32°  S8'  N.,  and  longitude  16^  66'  W. 

*  The  middle  bitll«d«  oomputed  u  abore,  wft  being:  euetljr  the  paMllet  In  «4ildi  Ae 
xriiiaa  iSftuloe  h  oful  to  tbe  dmrQire,  tfa*  eomci  panllel,  or  m  it  may  be  odled,  tfa* 
tine  middle  latitude,  nuy  be  found  by  the  followinc  proportion,  vi*.,  Her.  diff.  latitude  i 
hniper)  diff.  latitude  : :  rediui  :  eo.  dne  (true)  nuddle  btitude;  whidi  proportion  may  be 
Uuii  iuTMligated  :— 

tint.  By  middle  Latitude  Sailing,  diff.  lat.  i  diff.  long.  : :  CO.  aine  middle  lat.  :  tangent 
diff,  long,  X  00  «.  mid.  laL 
•""»*(  thtrafnre,  ^  diff  lat =s»ngenl  ooniiot  Mti  by  Meitator'*  Sailing, 

u      ^-  .  ..~  ,■  ^''-  '™B-   X  radius 

Mv.  diff,  lau  :  diff.  long,  i  j  radiui  i  tangent  course,   or  Mer  diff  ial ^  tangent 

«__      n_      *jr  tony-  X  eo.  "i.  mid.  Int.       diff.  long,  X  r«din»,  ,     „        ^^ 

""*■     H«* -— ^-diff.  laE:— =        Aler.  diff.  lat.        -W-^q-^tly  Mer.  *ff. 

l*t.  X  CO.  iL  mid.  1st.  =  radiui  X  diff.  lat.,  and  iherarore  Mer.  diff.  tat.  i  radiui  :  (proper) 
^S,  Ut.  : :  ov  (L  (inie)  middle  Wtudet  or  Her.  diff,  Ifit,  :  (proper)  diff,  lat.  t  ladiui  :  so. 
line  (true)  middle  latitudt. 
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86  HIDBLB   LATITODK    SAILIMG. 

I«tOn>«Bt.Viiu>ait87>  d'N.    —    87°  S*      Long. C.  8L  V~mo.  »>  I'V. 
Lit.Fniiclu]  39  38N.    —    32  36      Loag.  Fui^wl      16  M  V. 


Diff.  i>f  Utitade     4  35  Sum  H)  69  41 

60  

Mid.  Ut.  34  50 

Inmilea      265  90    0 

Co.  mid.  kt.  55  10 


Diff.ofloig.  7  56 
60 


BY  CONSTRnCTION. 
Draw  the  line  a  o  b>  represent  the  meri- 
dian of  Cape  St  Vincent;  make  the  an^e 
A  s  c  equal  to  the  co.  mid.  lat  65°  KV,  (Prob. 
XII.  Geom.),  and  from  d  to  c  lay  off  the  dif- 
ference of  lon^tude  475 ;  from  c  drav  the  line 
Bc  perpendicular  to  Ap,(Prob.  III.  Geom.); 
make  B  A  equal  to  the  difference  of  latitude  !i65, 
and  draw  the  line  a  c  :  then  will  •  c  represent 
the  departure  389-  9i  the  angle  b  a  c  the  course 
5&°  48',  or  5  points  neariy ;  and  a  c  the  dis- 
tance 471-  5  miles. 


To  Jnd  Ihe  Departure. 
As  radius  10.00000 

Is  to  diff.  of  long  476  a.  67660 

Soisco.BinenudlW34°60'    9.914S5 


BY  CALCULATION. 

To^nd  the  Ctmrte. 
As  diff.  of  Utitade  265 
Is  to  radius  1' 

So  is  dqwrture  389. 9 


To  the  departure  389. 9         2. 59094 


Tojutdthe  CwTtt  mlhoul  Dep.* 
As  diff.  of  lat.  266  2.42325 

Is  to  diff.  of  long.  476  2. 67660 

So  is  00.  sine  mid.  1st.  3^  60'  9.91426 


To  tang,  oonrae  55°  48' 


13.59606 

3.4330 

To  tang,  ooone  55°  48'         lO.lCT 

To^nd  the  Dittance. 
As  radius  10.  OOOOO 

Istothediff.ofUt>tude265    2.42^ 
So  usee  course  55°  48'         ia250» 

12.67345 
10.00000 

To  distance  471. 5  3.673*5 


•  Thill  pnn>Drtl(mii  deduced  fnnn  the  two  precedinfiMDWy  be  thnidemonfumul  I M 
nd.  1  diff.  hnv.  :■  «a.i.  mid.  Ik.  :  depr.t  Uwrafoce  nd.  X  dep.=:oi).t.  Dild.lu.>C<» 
long.;  alHi,  diff.  lat.  i  rad.  i :  depr.  i  lug.  Mona  t  thvefora  nd.Xd«k,  =  diK  W- X 
tang,  coimat  omtaqoently  diff.  Ut.  Xiang.  Mune^co.  >.  mU.  IM.  Xdiff.  l(Kig.(  WMW 
diK  IM.  t  CO.  ■.  mid.  lat.  :  i  diK  bmg.  :  tug.  ckmum  I  or,  diff.  lak  :  difl:  long.  :  t  « ^ 
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lUDDLB  LATITDOB   SAILING. 


Hence  the  course  from  Cape  St.  Vincont  to  Ftmdial  'u  S.  B&^  W  W.,  or 
S.  W.  b.  W.  neariy,  and  the  distance  471. 5  miles.* 

BY  INSPECTION. 

Look  for  the  CO,  middle  ladtude  5S°,  as  if  it  vere  a  coune,  and  for  SS7,  half 
the  difierence  of  longitude  (the  whole  being  too  great)  in  a  distance  column, 
immediately  opposite  to  which,  in  the  departure  column,  will  be  found 
194.  i ;  this  multiplied  by  %  gives  the  departure  888.  S. 

Thenl3!i.5,halfthedifiei«ice  of  latitude,  and  194.1,  half  the  de|>arture, 
bcong  found  nearly  opponte  each  other  in  their  respective  columns,  will  ave 
the  course  56°,  or  5  points,  and  half  ^e  distance  SS5,  which  multiped 
by  X,  gives  the  distance  470  miles. 

BY  GUNTER'S  SCALE. 

Extend  from  90°  to  the  complement  of  middle  latitude  6fi^  10'  on  the 
line  of  sines ;  Uiat  extrait  will  reach  from  the  diflerence  of  longitude  475  to 
the  departure  S89. 9  on  the  line  of  numbers. 

Extend  from  the  difference  of  latitude  ^65  to  the  departure  389-  9  on  the 
line  of  numbers;  that  extent  will  reach  from  45°  to  the  course  55°  4^  on  the 
line  of  tangents. 

Extend  from  the  complement  of  the  course  S4^  13'  to  90°  on  the  line  of 
lines;  that  extent  will  reach  from  the  difference  of  latitude  S65  to  the 
distance  471.  5  on  the  line  of  numbers. 

CASE  II. 

One  Latitude,  Gntrte,  and  Dutance  given,  to  Jind  the  D^rtnee 

of  Latitude  and  Longitttde. 

EiAMFLK.  A  ship  from  lat.  58P6'  N.,  and  long.  S6°  fr  W.,  sails  N. W.  b. W. 
X29  miles :  required  her  present  latitude  and  longitude. 

BY  CONSTEUCnON. 
Diaw  the  line  a  o,  and  make  the  angle  u  a  c 
equal  to  the  course  5  points ;  lay  off,  from  a  to  c, 
the  Instance  939,  and  draw  the  line  c  a  perpendi- 
cular to  tiie  line  a  d  ;  then  will  the  departure  c  b 
measure  190.  4,  and  the  diff.  of  latitude  a  b  1S7: 
hence  the  latitude  in  is  54°  13',  and  the  middle 
latitude  53°  9'-  Now  make  the  angle  b  c  d  equal 
to  the  middle  latitude  53°  9',  then  will  c  d  be  the 
Terence  of  longitude,  measuring  3 1 7. 4  miles. 

*  If  tha  tma  mlddls  iMitnds  wan  found  by  (ha  pnipmtioD 
(<f«n  u  tba  bottom  of  ftge  B5  (34°  62'),  (ha  ooune  would  ba 
^iT,  and  thadiiUuiee47I.3i  tha  nmeaiaollr  u  ionnd  by 
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UIDDLS    LATtTDBK   SAtUlM. 


BY  CALCUI^TION. 


Tofnd  the  Difference  of  Latkvde. 


As  radius 

I«  to  dutance  229 

So  is  CO.  Bine  courae  5  pts. 


10.00000 
9.35984 
9.  74474 


To  the  diff.  of  Ut.  127.  a       a  104S8 


To^nd  the  Departurt. 
A«  radios  10. 00000 

la  to  diitancii  229  S.  35984 

So  ia  sine  coone  S  pts.  9. 91985 


To  the  departure  190. 4 


Diff.  oflat.l27milei,or        a°7'N. 
Latitude  left  ^    6  N. 


Latitaaein 

54  13K 

Suuofktiludo 

3}  106  19 

Middle  latitude 

53    9 
90    0 

Ca.  Hid.  laUtide 

36  51 

Aao).naeimd.lat.53»9-      9. 777« 
So  U  laana                          1«.  60000 

12.37967 
8.777K 


To  the  diff.  of  long.  31?.  5      2  50178 


Tojlnd  Dif.  LongUtidt  mlhout  Dep.* 
As  CO.  due  mid.  lat  63^  9'  9. 7779S 
b  to  diff.  aflat.  127. 2  2.104^ 

So  is  tang,  course  5  pts.        10. 17511 


12.27960 

9.77795 


To  the  diff.  of  long.  31 7. 4      2. 5 


To^find  the  Ltmgthide 
Longitude  left  3 

Diff.  of  long.  317it>-  or 


Longitude  ir 


5   17  W. 
40  23  W. 


BY  INSPECTION. 

Look  for  the  gouree  5  jKiinta  at  the  bottom  of  the  pageSi  over  which,  ind 
opposite  the  distance  2S9  in  its  column,  will  be  the  am.  of  latitude  127.  S, 
ana  departuie  190. 4,  in  their  respective  columns. 

Look  for  the  Co.  mid  latitude  37°  (being  the  nearest  to  S6°  51')  as  if  it 
were  a  course,  and  for  half  the  departure  95. 9  in  its  column,  opposite  the 
nearest  to  which,  in  the  distance  column,  will  be  found  158 ;  ttus,  multiplied 
by  S)  ^ves  the  difference  of  longitude,  S16  miles. 

■  Or,  by  eotuHerbig  th«  whole  figure  A  c  D  u  an  oUiqn»«ii|^  triai^fe,  tt  onf  k* 
•laudttuti  M  Ok  iloe  mid.  1st.  UMdi>iaiKie,Mit  liiieoouru  to  diA,  of  longitude. 


b,  Google 


lUDOUE  LATimilB   BAtLIKK'  80 

BTOUNTER'S  SCALE. 

Extend  from  8  pomts  to  the  complement  of  the  course  8  points  on  the 
line  at  dne  riiumbs  ;  that  extent  will  reach  fivm  the  distance  S39  to  the 
iaSerOict  of  latttude  1S7.  ft. 

Extend  from  8  ptHnts  to  the  course  S  points  on  the  line  of  sloe  rhumbs ; 
dwt  eitent  vill  reach  from  the  distance  SKQ  to  the  departure  1 90. 4 

Extend  from  the  co,  mid.  latitude  S6'  5V  to  90*^  on  the  line  of  anea  ; 
that  extent  will  reach  from  the  departure  190.  4  to  the  difference  of  lonj^- 
ti^81T4L 

CASE  lit 

BoA  Latitudes  and  Departure  given,  to  find  the  Cowrae,  Distance, 
and  Difference  of  Longitude. 

XxAHPLK.  A  ship  from  hititude  49*^-67'  N.  and  lonjritude  6°  IT  W, 
ofls  betireAi  the  South  and  West  untd  she  arrives  m  latrtude  38^  27'  N., 
md  finds  she  h«^  made  440  nliles  of  departure :  required  the  course  she  has 
Btened,  the  distance  run,  and  the  lon^tude  she  is  in. 

Latitude  left        49°  57' N. 49°  57' N. 

Latitudeui  38  27  N. 38  27  N. 


Diff.afktitnde   11  : 


8am  3}  88  34 


By  <x»(STaacTioN. 

Draw  the  line  a  d,  and  from  a  to  b  lay  off  the  dif- 
ference of  latitude  690 ;  on  b  eisct  the  perpendicular 
B  c,  which  make  equal  to  the  departure  440,  and  join 
A  c :  draw  the  line  c  d,  so  as  to  make  an  angle  with 
c  a,  equal  to  the  middle  latitude  44°  12';  £en  Uie 
course  cab  will  measure  82°  31'i  the  distance  a  c 
81&  5,  and  the  diffi»ence  of  longitude  p  c  613.  T. 


BY  CALCULATION. 


Tojind  the  Course. 
Ai  diff.  of  Utitude  690  2. 83885 

Islondiilt-  '     10.00000 

8e  b  departuK  440     '  2.64345 

12.64345 


TotaRp  oonne  8 


Tojad  the  Distance. 
As  sine  of  course  32°  31'         9.  73042 
b  to  depaKiffe  440  3.  6484S 

So  is  radius  10.  00000 

12.64345 
9.73042 

To  the  distance  8ia  6  3. 91308 


b,GoogIc 


UfDDLB  LATrrUDB  SAILIKS;' 


To^nd  the  Differaiee  tf  Longitmde. 

As  CO.  sine  mid.  kt  4^  IS*  9-  8654? 
Is  to  deputure  440  3. 64346 

Soiiradin*  10.00000 


Tod]ff.a(Iing.613.7 


Tojind  Ae  LtmgittiJe  it 

lAHxitiidfl  left  Bf 

DiCof  long.  614n.  or        10 

Lon^tode  in  16 


BY  INSPECTION. 

One  fburth  the  diffirence  of  latitude  ud  drairtme,  that  is,  ITS.  5  nd 
110,  are  found  to  correspond  neariy  under  SXP  and  38**,  the  depwtuie 
(^iposite  the  difierence  of  latitude  172-  6,  being  too  littl*  under  SiSP,  and  to* 
mu<^  under  83^ ;  therefore  the  course  is  about  32^  degrees,  and  die  dis- 
tances answerinff  to  these  are  903  and  206 :  their  sum  409,  divided  by  ft, 
gives  one  fourth  the  instance  804. 6,  which,  multiplied  by  4,  gives  the 
whole  dvtaaoe  618. 

The  compkmeot  of  middle  latitude  40^  taken  aa  a  comae,  widi  one-finndi 
iiit  departure  1\0,  in  its  edumn,  gives  in  the  distance  column  IAS  ;  thn, 
mnltqiied  by  4,  will  be  the  dtSerrace  of  lonptude  612. 


BY  OnNTER-S  SCALE. 

Extend  from  the  difference  of  latitude  690,  to  the  departure  440  on  the 
tioe  of  numbers ;  that  extent  will  reach  ttom  W  to  the  course  SSP  SI'  ai 
the  line  (^tangents. 

Extend  &om  the  course  SSP  31'  to  90°  on  the  line  of  nnes ;  that  extou 
will  reach  firom  the  departure  440  to  the  distance  818. 6  on  the  line  cf 
numbers. 

Extend  from  the  co.  mid.  Ut  45°  48' to  gff>  on  the  line  of  onea ;  th« 
eident  will  reach  from  the  departure  440  to  the  difierence  of  loi^tade 
61S.7(«  thelineof  n     ' 


CASE  IV. 

Both  LatUudsa  and  Coune  gioen,  to  find  the  2>spartofw,  DiatantXt 
and  D^Bnnce  of  Longitude. 

ExAurLE.  A  ship  from  latitude  42°  Sff  N.,  and  lon^tnde  Iff'  6'  W., 
Bula  N.  E.  b.  E.  for  several  days,  and  then  finds  by  ofaservation  that  she 
is  in  Uatode  4^  9^  N. :  required  the  distance  she  has  sailed,  and  ha 
it  longitude. 


b,  Google 


H11>DL«  LATITUOB  BAlI.1Ne. 

I^ititadeUft       ISPS&'N. 49»36'N. 

JUdtodet^ote.  46  90  N.  46  30  N. 


Diff.  of  latitude     3  6S 

eo 

In  mile*        235 


n  2}  88  45 


Co.  raid.  Ul  45  38 

BY  CONffTEUCriON. 

Draw  the  line  a  d,  and  from  a  to  B  lay  off  the 
diflerence  <^  latitiide  235 ;  on  b  erect  the  perpen-    i  ~~'~ 
dJCTilwf  B  c,  and  make  the  angle  bag  equal  to  the  ^ 
course  5  pcnnts ;  draw  the  one  c  n,  making  an  ^        ^ 
si^  eqiul  to  the  middle  Utitude  4^  22' with  B  c ; 
tbra  the  dniarture  b  c  will  measure  852,  the  dis- 
tance A  c  «3,  and  the  di&reace  of  longitude 


BY  CALCULATION 


ToJmdtAe  Departure. 
A*  radius  10.00000 

la  to  diff.  of  latitude  935        3. 37107 
So  ia  tang,  oooise  5  pts.        10. 17511 


To  the  departure  351. 7         S.  64618 


Tejiltd  the  Difference  ofLonptude. 
Aaoo.uneniid.lBt.4^22'  9.85^3 
Is  to  dflrnrtare  361. 7  3.54617 

Sots  radius  10.00000 


IS.  54617 
9.85433 


To  diff.  of  longitude  4 


ToJindtkelXttatux. 
Aa  CO.  sine  of  course  6  pts.     9.74474 
Is  to  diff.  of  latitude  335        3.37107 
So  is  radios  10. 00000 


12. 37107 
9.  74474 


To  the  distance  433 


To  find  the  LoHgittaU  in. 
Longitude  left  15°  6'  W. 

DiCof  long.  489m.  or  8  13  E. 

Loi^itade  in  6  64  W. 


BY  INSPECTION. 


Orer  the  cmme  5  pmnts,  and  opponte  half  the  difierence  of  latitude 
117-  B,  in  its  column,  will  be  found  naif  the  departure  175. 4,  and  half  the 
distance  £11 ;  these,  multiplied  by  2,  give  the  whde  departttre  350. 8y  and 
the  diBtance  422. 


b,  Google 


^  miMHB  LATITVSC  SAIUHO. 

The  CO.  mid.  Ist  4fi^  SS' buag  taken  m  «  »ane  betmen  4GP  ntd  W, 
give  oppoflite  half  the  departure  1 75. 4,  in  Uie  distance  oolnmns,  !U8  nd 
I44 ;  balf  the  mm  of  these,  our.  246,  will  be  half  the  di&reoce  cf 
longitade,  which,  nulti{died  by  3,  gives  the  difierence  of  longitude  492. 

BY  OUNTEE'S  SCALE.' 

Extend  from  the  complement  of  the  course  S  pouita  to  the  oourae  6  pcmdi 
on  the  line  of  mne  rhumbs ;  that  extent  will  reach  &om  the  diflerrace  of 
latitude  £35  to  the  departure  S5I.  7  on  the  line  of  numbers. 

Extend  fiom  the  complement  of  the  course  3  points  to  8  pmnts  on  it 
line  of  one  rhumbs ;  that  extent  will  reach  from  the  difierence  of  latitodt 
SSS  to  the  distance  4SS  on  the  line  of  numbers. 

Extend  from  the  co.  mid.  lat  46"  38'  to  90°  on  the  line  of  sines ;  tbt 
extent  nSl  reach  from  the  departure  351. 7  to  the  difference  <^  lio^tadc 
49s  on  the  line  of  numbers. 

CASE  V. 

Both  LatUudea  and  DUtanee  jiran,  to  Jind  the  Course  and         1 
Diffiirence  of  Longitude.  I 

Example.  St^ipose  a  ship  from  latitude  56°  30'  N.  has  sailed  SooA-  I 
eaatoly  257  miles  when  she  arrives  in  latitude  64P  47'  N.;  required  W 
coarse,  and  difierence  of  kugitude. 

Latitodeleft      MP  dfyH.  Sff"  30'N. 

Lodtudein        64   47  N.  64   47  N. 

DiSlofUt.  1   43  3)111    17 


Co.mid.lat.    34  22 


BY  CONSTBncnOK. 
Draw  the  line  a  d,  and  from  a  to  b  lay  00°  the 
difierence  of  latitude  103;  on  b  erect  the  perpen-  ^ 
dicolar  b  c  ;  and  with  the  distance  357  in  the  com- 
passes, placing  one  foot  in  a,  let  the  other  cross 
B  c  in  c,  and  draw  the  line  a  c  ;  draw  c  d,  makiiig 
with  c  B  an  angle  equal  to  the  middle  latitude 
56^  38' ;  then  the  course  b  a  c  will  measure  66^  22', 
and  the  diflference  of  longitude  c  o  41  ?■ 


b,  Google 


MIBOLE  LATITDDB.  SAI^IXe. 

BY  CALCULATION. 


To  find  the  Courte. 
Ai  thf  diMuoe  257  2.40993 

Ii  to  radius  10.00000 

SoBdiff.ofIat.103  3.01284 


To  find  the  Difference  <fLcmfftuie. 
Afl  00.  aine  mid.  lU.  55=^38'  9.75166 
Is  to  tang,  oonrae  60°  22'  10.33894 
Soisdi£Ut.l08  3.01S84 


12.3717s 
9. 75166 


To  djff.  of  longitude  417  3.  fflOlS 


NoTB.  We  bIuU  omit  vorkiiig  this  and  the  foltowiDg  Cases  by  InapectioD 
■nd  Gunter^B  Seals,  as  it  is  presumed  the  learner  gfiffidently  understanda 
those  methods,  vithout  further  instruction. 


One  Latitude,  Ontree,  and  Ikparture  given,  to  find  Ihe  Dietaneey 
Difference  of  Latitude,  and  Difference  of  Longitude, 

ExAifFLB.  AshipnuIsS.  S. W.from latitude 61°li5'N., 
and  h>ai^tude  9°  SC  W.,  un^  her  departure  is  250  miles : 
requireo  the  distance  sailed,  and  her  present  latitude  and 
longitude. 

BY  CONSTRUCTION. 

Havins  drawn  the  line  a  d,  make  a  e  perpendicular  to  it, 
■ndequalto  the  departure  S£0;  through  s  draw  £  c  parallel 
to  A  D,  and  draw  ac,  maUnganaDglewithAi),  equal  to  the 
conne  S  points ;  draw  c  b  parallel  to  a  e,  and  the  line  c  d, 
making  an  angle  with  c  b,  equal  to  the  middle  latitude  c 
40^  IS' ;  then  will  the  difference  of  latitude  a  b,  measure 
60s.  6,  the  distance  a  c  653. 3,  and  the  difference  of  longi- 
tude c  d  861. 8.  '^ 


To  find  the  Difference  o^  Latitude. 
Ai  sine  of  course  2  pts.  '9.S8284 
Is  to  departure  2&0  2.30794 

80  ia  CO.  sine  of  course  3  pts.  0.965^ 


Totliediff.oflatOOaO        2.78073 


Latitude  left 

Diff.  of  latitude  604m.  or 


Latitude  in  41    11  N. 

Sum  of  latitudea      3)  03   36 


Middle  latitude 
Co.  mid.  latitude 


):,GoogIc 


MUWtB  LATITU9K  •AIUHO. 


The  CO.  mid.  Ist  4fi^  SS' bMBg  taken  M-«»iirfebenreeB4{Ptndtt>, 
lire  oppoote  half  the  departure  1 75. 4,  tn  the  cUataoee  coltnnns,  ti&  and 
144 ;  half  the  mm  of  these,  vix.  246,  will  be  half  the  difierence  d 
longitude,  which,  nultiidied  b;  ft,  gives  the  difierence  of  loiifptiide  492- 


f* 


BY  OUNTER'S  SCALE. ' 


Extend  &om  the  complement  (tf  the  course  S  points  to  the  ooune  6  poiiW 

on  tho  hne  of  mne  rhumbs ;  that  extent  will  reach  fiom  the  diffemce  tt 
latitude  £35  to  the  departure  351.  7  on  the  line  of  numbers. 

Extend  from  the  complement  of  the  course  S  pnnts  to  6  points  on  the 
line  of  one  rhumbs ;  that  extent  will  reach  from  the  difference  of  ladtode 
XS5  to  the  distance  4SS  on  the  line  of  numbers. 

Extend  from  the  co.  mid.  Ut  45°  38'  to  9(F  on  the  line  of  sines ;  (bit 
extent  will  reach  from  the  departure  351. 7  to  the  difference  of  loDgitade 
49S  on  the  line  of  numbers. 

CASE  V. 

R)th  LtUiludea  and  Dittanoe  given,  to  Jind  the  Course  and 

Diffinnceof  Longitude. 

Example.  Si^pose  a  ship  from  latitude  66°  SO'  N.  has  suled  Semi- 
easterly  S57  miles  when  she  arrives  in  latitude  54P  4/7'  N.;  required  W 
course,  and  difference  of  lon^^tude. 

Latitndeleft      Sff-SIVN.  Sff- 30*N. 

Latitude  in        64   4?  N.  64   47  N. 


DiKoflat.  1    43 

60 

InmilcB    103 


2)111    17 


Co.mid.Iat.    34  22 


BY  CONSTAUCnOM. 
Draw  the  line  a  d,  and  from  a  to  b  lay  off  the  \^ 
difference  of  latitude  103 ;  on  b  erect  the  perpen- 
dicular B  c ;  and  with  the  Stance  S57  in  the  com- 
passes, pladng  one  foot  in  a,  let  the  other  cross 
B  c  in  c,  and  draw  the  line  a  c  ;  draw  c  d,  making 
with  c  D  an  angle  equal  to  the  middle  latitude 
55^  38' ;  then  the  course  b  a  c  will  measure  66°  ^', 
and  the  difference  of  loo^tude  c  d  417. 


b,  Google 


BY  CALCVhAnOS. 


Tojindthe  Courte. 
At  the  disunoe  257  2. 40993 


b  tonuUiu 
Sai.dii:oflit.l03 

10.00000 
3.01284 

13.01284 
2.40993 

To  to.  aine  course  0(P  28' 

9.0)291 

Tojtitd  Ike  Diference  (^LoMgUude. 
Afloo.  line  mid.  lot.  55^^38'  9.7fil66 
Is  to  Ung.  oourae  60°  22'  10.33894 
Soiadi£lat.l03  2.01384 


13.37178 
9.751« 


To  dlff.  of  loDgitude417        2.flS013 


Note.  We  shall  omit  working  this  and  the  following  Cases  by  InspectioD 
and  6unter''B  Seals,  as  it  is  presumed  the  learner  gpfficiently  understands 
those  methods,  without  further  instructioQ. 


One  Latitude,  Course,  and  Departure  given,  to  find  the  Dtstanee, 
Difference  of  Latitude,  and  Difference  of  Longitttde. 

Example.  A  ship  sails  S.  S.  W.  &om  latitude  51°  15'  N., 
and  longitude  9°  SCyW.,  until  her  departure  is  ^0  miles  : 
Kqtnrea  the  distance  suled,  and  her  present  latitude  and 
longitude. 

BY  CONSTRUCTION. 

Havit^  drawn  the  line  a  n,  make  a  e  perpendicular  to  it, 
■nd  equalto  the  departure  260 ;  through  e  draw  e  c  parallel 
to  A  D,  and  draw  ac,  making  an  angle  with  ad,  equal  to  the 
course  2  points ;  draw  c  b  parallel  to  a  e,  and  the  line  c  d, 
maldng  an  angle  with  c  b,  equal  to  the  middle  latitude  c 
49*  13' ;  then  will  the  difference  of  latitude  a  b,  measure 
608. 6,  the  distance  a  c  65S.  3,  and  the  difierence  of  lonin. 
tnde  CD  861.3.  "^N 


Tojind  the  Difermee  of  Latitude. 
As  line  of  course  2  pts.  -9.68384 
I>  to  depanuie  260  2.39794 

So  is  CO.  sine  of  conne  2  pts.  9. 96562 


To  the  diff.  of  lab  603. 6        2.78072 


dtode  in 

41 

11  N 

9)92 

26 

Middle  htiude 

46 
00 

13 
00 

Co.inid.L«itude 

43 

47 

.,  Liooglc 


02  miBLC  LATtrVDE  SAIUHO. 

Tbe  CO.  mid.  1st  45°  AS' beisg  taken  «B-«»anebetirani  tiP  and  49>, 

five  opposite  half  tlw  departure  175. 4,  ia  the  dutance  ctrinmiiBj  se48  and 
44;  half  the  buid  of  these,  our.  246,  vill  be  half  the  difierence  of 
longitude,  which,  multijdied  hy  2,  gives  the  difference  of  longitude  49S> 

BY  GUNTER'S  SCALE. " 

Extend  from  the  complement  of  the  course  S  pomta  to  the  ootirw  5  pointi 
on  the  line  of  rane  rhumbs ;  that  extent  will  reach  from  the  difiereiiGe  of 
latitude  S3S  to  the  departure  351.  7  on  the  line  of  numbers. 

Extend  from  the  complement  of  the  course  3  points  to  8  pmnta  on  tbe 
line  of  one  rhiunbs ;  that  extent  will  reach  from  the  diflerence  of  latitode 
XS5  to  the  distance  4S8  on  the  line  of  numbers. 

Extend  from  the  co.  mid.  lat  45°  38'  to  90°  on  the  line  of  ones  ;  that 
extent  wiU  readi  from  the  departure  SSI.  7  to  the  difference  of  lon^tnde 
492  on  tbe  tine  (^  numbers. 

CASE  V. 

Both  LatUudea  and  Dwtanee  given^  to  find  the  Coutm  ami 
Different  of  Longitude. 

Example.  Siq)pose  a  ship  from  latitude  Sff'  SO*  N.  has  sailed  Soo^ 
easterly  S57  miles  when  she  arrives  in  latitude  54^  47'  N.;  required  Wr 
cowse,  and  diiSerence  of  longitude. 

Latitudeleft      fiff'SO'N.  Sa*  SO^N. 

Latitude  in         64    4?  N.  64    47  N. 

Diftoflat.  1    43  2)111    l^ 

60  

Mid.UL   56   38 


Ca.mid.  lat.    34  ! 


BY  CONSTAUCnON. 
Draw  the  line  a  d,  and  from  a  to  b  lay  off  the 
diSerence  of  latitude  103 ;  on  b  erect  the  perpen- 
dicular s  c ;  and  with  the  Stance  257  in  the  com- 
passes, placing  one  foot  in  a,  let  the  other  cross 
B  c  in  c,  and  draw  the  line  a  c  ;  draw  c  d,  maldng 
with  c  B  an  angle  equal  to  the  middle  latitude 
66"S8';  then  the  course  B  A  c  will  measure  66°  SS*, 
and  the  diJierence  of  longitude  c  n  417* 


D.=.l,:sa;,  Google 


JllDDLS  U^TITUOB.  SAI&Uie. 


BY  CALCULATION. 

To  find  the  Courie. 
Ai  tbe  disbmoe  357 


2.40993 
10.00000 
2.01384 


To  CO.  nne  coune  60°  28'      9.60291 


To  find  the  Difertnce  of  Lcmgiiude. 
As  ca  nne  mid.  lat.  BB^  38'  9. 75165 
la  to  tang,  coarse  60°  23'  10.35894 
SoudiflTlat.  108  3.01284 


13.37178 
9. 75165 


To  diir.  erf  longitude  417        2.63013 


Note.  We  dull  omit  worldng  this  and  the  following  Cases  by  InspeclioD 
and  Gimter'a  Scale,  as  it  is  presumed  the  learner  sumciently  und^tanda 
those  methods,  without  further  instructioiL 

CASE  VI. 

One  Latitude,  Course,  and  Departure  given,  to  find  the  Diatanoet 

Difference  of  Latitude,  and  Difference  of  Longitude. 

ExAHFLi.  A  ship  sails  S.  S.  W.  from  latitude  51°  15'  N.,    b  a 

•iidloncitude9°60'W.,  until  ber  departure  b  250  miles  : 
required  the  distance  suled,  and  her  preeeut  latitude  and 
longitude. 

BY  CON8TEUCTION. 

Havins  drawn  tbe  line  a  d,  make  a  e  peroendicular  to  it, 
and  equafto  the  departure  S50;  through  e  araw  e  c  parallel 
to  A  D,  and  draw  A  c,  making  an  anglewith  ad,  equal  totbe 
course  2  points ;  draw  c  b  parallel  to  a  e,  and  tbe  line  c  n, 
ntaking  an  angle  with  c  a,  equal  to  the  middle  latitude  c'^ 
49*  IS';  then  will  the  difference  of  latitude  a  b,  measure     '^^vj^,^ 

i.  6,  the  distance  a  c  653.  S,  and  the  difTerence  of  longi-        '^.  ^ 
tode  c  D  861. 8.  V\ 


To  find  lite  Difference  ^  LatUude. 
Aiibeofoonr>e3pts.  '9.68S84 
b  to  departure  260  2. 39704 

8oisGo.dneof(wnrse2pts.  0.965^ 


13.36356 
9.68284 


To  the  diff.  of  lat.  603. 6        2. 78072 


Lotitidi  left 

Di*.  of  latitude  604II1. 

51°  IS-  N. 
or    10     4  8. 

Latitude  in 

41    11  N. 

Sam  of  latitudes 

3)93   S6 

Middle  latitude 

46    13 
90   00 

Co.  nid.  latitude 

43   47 

,  ..ooglc 


9l  Musut  lasrtmm  saiuho. 

The  CO.  mid.1at  45°  88'  bong  takon  aa  «  eoune  between  4ff>  tnd  #■, 

five  opposite  half  the  depftrtuie  17S.  4^  in  the  distuicc  colnioiu,  U8  ud 
44;  balf  the  sum  of  dieK,  vix.  !i46,  will  be  half  the  di^rence  di  i 
longitude,  which,  mullijdied  by  2,  gives  the  difference  of  longitude  1&L 

BY  GUNTEE'S  SCALE.'  ' 

Extend  from  the  complement  of  the  course  S  pomta  to  the  coarse  5  pointi  | 

on  the  line  of  sine  thumbs ;  that  extent  will  reach  from  the  difference  tf  ! 

latitude  335  to  the  departure  S51.  T  on  the  line  of  numbera. 

Extend  from  the  complement  of  the  ctfuxse  S  pcdnts  to  8  pmnts  oa  the 

hoe  of  sine  rhumbs ;  that  extent  will  readi  from  the  difference  of  lalitDJe 

9&6  to  the  distance  4SS  on  the  line  of  numbers. 

Extend  from  the  co.  mid.  lat  46°  38'  to  90°  on  the  line  of  sines ;  dttt 

extent  will  reach  from  the  departure  351. 7  to  the  difference  <^  lon^tode 

4gS  on  the  line  <^  numbers. 

CASE  V.  j 

Both  Latiiudea  and  Distance  given,  to  Jind  the  Courte  mid         I 
D^ereneeof  Longitude.  I 

Example.  S\q>poae  a  ship  &om  latitude  fiG'  80'  N.  has  sailed  SooA-  | 
eatteriy  S57  miles  when  she  anives  in  latitude  54P  47'  N.j  reqwed  ha  , 
course)  and  diflerence  of  longitude. 

Latitude  left      69=  SCK  S9>  30'N. 

Latitude  in        54   4?  N.  54   47  N. 


Co.mid.lat.   34  '. 


BY  coNsxancnoN. 

Draw  the  line  a  d,  and  &om  a  to  b  lay  off  the 
di^rence  of  latitude  1(^ ;  on  b  erect  the  perpen- 
dicolar  b  c  ;  and  with  the  distance  S57  in  the  com- 
passes, placing  one  foot  in  a,  let  the  other  cross 
B  c  in  c,  and  draw  the  line  a  c  ;  draw  c  d,  making 
with  c  B  an  angle  equal  to  the  middle  latitude 
55°  38' ;  then  the  course  a  a  c  will  measure  66°  9S,', 
and  die  difierence  tS  longitude  c  ■>  417. 


b,  Google 


MIDDLE  l^rtTDDB.tAIIrlMS. 


BT  CALCULATION. 


To  fad  the  Courte. 
Ai  the  dirtance  257  3.409»3 

I«toiadiu3  10.00000 

So  is  diff.  t^  lat.  108  3.01384 


13.01284 
2.40993 


ToEQ.  dne  coone  Solas'       0.60291 


Tojind  Ike  Difference  ofLomgUude. 
Asoo.nnemid.lat.SS^Se'  9.75166 
Is  to  tang,  ooorae  60°  23'  10.35894 
8oiadi£lat.l0e  2.01S84 


12.37178 
9.75166 


To  diff.  of  longitude  417         2. 62013 


Note.  We  shall  omit  working  tliis  and  the  following  Cases  by  loepecdon 
and  Gunter^s  Scala,  as  it  is  presumed  the  learner  s^Scieotly  und^tands 
those  methods,  without  fiirther  inatnictioii. 


One  Latitude,  Course,  and  Departure  given,  to  Jind  the  DwAmoe, 
Diff'erence  of  Latitude,  and  Difference  of  Longitude. 

ExAMPiB.  A  ship  swls  S.  S.  W.from  latitude  SriS'N., 
and  loiu^tude  9^  SO'  W.,  until  her  departun  is  250  miles  : 
nquired  the  distance  sailed,  and  her  present  latitude  and 
Imgitude. 

Br  CONSTRUCTION. 

Having  drawn  the  line  a  d,  make  a  e  perpendicular  to  it, 
mdeqiuTto  the  departure  S60;  through  e  draw  e  c  parallel 
to  A  D,  and  draw  a  c,  mailing  an  angle  with  a  d,  equal  to  the 
course  2  pcnnts ;  draw  c  b  parallel  to  a  e,  and  the  line  c  d, 
making  an  angle  with  c  b,  equal  to  the  middle  latitude  c 
iff"  19';  then  will  the  difference  of  latitude  a  b,  measure 
fi08. 6,  the  distance  a  c  653.  S,  and  the  diiference  of  lon^- 
todecDSei-S.  "^ 


Tofind  ike  Difference  iff  Latitude. 
Ai  sine  of  coune  2  pta.  -9.68S84 

I*  to  dfl^rtnre  250  2.39794 

So  is  CO.  BJne  of  course  2  pts.  9. 06562 


13.36356 
9.68384 


Tothediff.oflat.flOae        3-78072 


Utitnde  left  61°  16'  N. 

Diff.  of  latitude  604tn.  or    10     4  8. 

Latitude  in  41    UN. 

Sum  (tf  latitudes 

Middle  latitude 


Co.  mid.  latitude 


,  _iOO^Ic 


86  MIDBLB   LATITODK    BAILING. 

I*tOape8tViiieffl«37'  8'N.    —    ST>  »      lMtg.C.»t.VuK.  V>   I'W. 
Lat.  Funchal  39  36  N.    —    33  38      Long.  Fnacfaal      10  56  W. 


Diff.  ofkdtudfl 
Inndlea 


4  26     Sum  3)  6G  41 

80  

Mid.  lat.  34  SO 

les  90  0 

Co.  mid.  lot  56  10 


Diff.  ofloiur.  7  66 
80 


BY  CON8TBUCTION. 
Drav  the  tine  a  d  to  represent  the  meri- 
dian  of  C&pe  St  Vincent ;  make  Uie  angle 
ADC  equal  to  the  co.  mid.  lat.  55°  10',  (Prob. 
XII.  Geom.),  and  from  d  to  c  lay  off  the  dif- 
ference of  longitude  475 ;  from  c  draw  the  line 
Bc  perpendicular  to  a  D,(Prob.  III.  Geom.); 
make  b  a  equal  to  the  difference  of  latitude  S65, 
and  draw  the  line  a  c  :  then  will  b  c  represent 
the  departure  389. 9,  the  angle  b  a  c  the  course 
55°  48',  or  5  points  neariy  ;  and  a  c  the  dis- 
tance 471. 5  miles. 


BY  CAIX!tTLATION. 


To^nd  Ike  Departure. 
Asradiiu  10.00000 

Is  to  diff.  of  long  475  3. 67660 

Sola  00.  line  mid.  lat  34^50'    9.91^5 


Tojind  the  Courte. 
As  diff.  of  Utitude  265  2. 42325 

Is  to  radius  10.00000 

80  is  departure  389-9  2. 60095 

12.60005 


To  the  departure  380. 9         2.50094     To  tang,  oonrae  65°  48'         10.16770 


Tojnd  the  Couree  wUlmU  Dep.' 
Aa  diff.  of  lat  266  2.42325 

Is  to  diff.  (rf' long.  476  2.67660 

So  is  GO.  sine  mid.  Ut.  3^  60'  9.91425 


To  tang,  coarse  65°  48'        10.  lOJOO 


To^nd  the  Dulance. 
As  radius  10  OOOOO 

Istothed)ff.ofIatttade286     2.42335 
So  is  sec  course  56°  48'  10.35090 


To  distance  471.5 


3.S734S 


*  ThlaprDpoitloii  i> deduced  frtnn  the  (wo preoediiif,  h amj be ihat  iemtatatnxed i  Gnt, 
nd.  I  diS.  ]mg.  :  1  «o>  1.  mid.  Ut.  :  depr. ;  therafore  ind.  X  dep>  ^  co.  >.  mid.  Ut.  X  diK 
long.;  alio,  diff.  Ut.  1  nd.  : :  depr.  :  uag.  ooune ;  tliererore  nd.  Xde^=diff.  kt.  X 
MOB.  anma;  ooatBaiiently  diff.  lu.  Xleiig.  < 
AflTUt.  :  BO.  t.  mid.  Ul.  : :  di£  ]oBg.  :  Uii( 


lerefore  nd.  X  deik,  =diff.  Ut.  X 
Ik  «.  mid.  Ub  X  dilr.  long. :  wheoG* 
ot,  diff.  Ut.  I  diff.  loi^.  :     -     - 


b,  Google 


MIDDLK  LATITUDE    SAILIMS.  8T 

Hence  the  course  from  Ctpe  Sl  Vinceot  to  Fundul  ie  S.  65^^  48'  W.,  or 
S.  W.  b.  W.  nenl;,  and  the  distBoce  471. 5  mUes.* 

BY  INSPECTION. 

Look  for  the  ca  middle  latitude  55°,  aa  if  it  were  a  course,  and  for  9S1,  half 
the  difference  of  loogitude  (the  whole  being  too  great)  in  a  distance  column, 
immediately  opposite  to  which,  in  the  departure  column,  will  be  found 
194.  1 ;  this  multiplied  by  2,  gives  the  departure  388.  8. 

ThenlSa.  5,  half  the  difference  of  bdtude,  and  194. 1,  half  tfae  departure, 
bong  found  nearly  opposite  each  other  in  thdr  respecbre  columns,  will  give 
the  course  56°,  or  5  points,  and  half  the  distance  9S5,  which  multiplied 
by  S,  ff.Tea  the  distance  470  miles. 

BY  GUNTEH'S  SCALE. 

Extend  from  90°  to  the  complement  of  middle  latitude  55°  10'  on  the 
line  of  sines ;  that  extent  will  reach  from  the  di^renoe  of  longitude  475  to 
tfae  departure  389-  9  od  the  line  of  numbers. 

Extend  from  the  difference  of  latitude  S65  to  the  departure  989-  9  on  the 
line  of  numbers ;  that  extent  will  reach  from  45°  to  the  course  55°  48'  on  the 
lineoftangenU. 

Extend  from  tiie  complement  of  the  course  34°  12'  to  90°  on  die  line  of 
sines;  that  extent  will  reach  fivm  the  difference  of  latitude  S65  to  the 
distance  471. 5  on  the  line  of  numbers. 

CASE  II. 

One  Latiiude,  Course,  and  ZHatance  given,  to  Jmd  the  J^isrence 

of  Latitude  and  Longitude. 

Example.  A  ship  fromlat.  59^&  N.,and  long.S5P6'  W.,8ailB  N.W.b.W. 
CS9  miles ;  required  her  present  latitude  and  longitude. 

BY  CONSTRUCnON. 
Draw  the  hne  a  d,  and  make  the  angle  u  a  c 
equal  to  tfae  course  5  points  \  lay  off,  from  a  to  c, 
the  distance  %S9,  and  draw  the  line  c  b  perpendi- 
cular to  the  line  a  d  ;  then  will  the  departure  c  b 
measure  190. 4,  and  tfae  diff.  of  latitude  a  b  127: 
hence  the  latitude  in  is  54°  IS',  and  the  middle 
latitude  58°  9'-  Now  make  tfae  angle  b  c  n  equal  qJ_ 
to  the  middle  latitude  59^  9',  then  will  c  d  be  the 
difference  of  longitude,  measuring  317-  4  miles.  '^X~%, 

■  If  the  tniB  tniddla  htltuda  mre  Cmiiid  bf  tba ,    , 
ginn  at  tha  bottom  of  pan  SA  (S4°  53^  tba  cmuie  would  be 
Ki^Vf,  and thedJitaiice471-3]  the  aame exactly  a*  foand  bf 
Henator-i  SalHng. 


b,  Google 


HlD&tB    LAtlTODR   SAILIIM. 


BY  CALCULATION. 


Tofind  the  Difference  of  LatUude. 


Aa  radial 

Is  to  duunce  229 

So  is  CO.  sine  coorae  5  pts. 


10.00000 
2.35984 

9. 74474 


To  the  diff.  of  lat.  12?.  2        3. 10458 


Diir.oflat.  137nile« 
Luiludeldt 

or         2>  rN. 
53    6  N. 

Latitude  in 

5413N. 

Sum  of  Istitades 

2)  106  19 

Middle  latitude 

53    9 
90    0 

Tojitid  the  Departure. 
M  radina  10. 00000 

I«  to  diatanctt  229  3. 35984 

So  is  Bine  course  5  pts.  9. 91985 


To  the  departure  iga  4 


Tojind  the  TSfftrenee  of  Longitude. 
As  CO.  sine  mid.  kt.  53°  9*  9. 77795 
Is  to  departure  190. 4  2. 37907 

ie.ooooo 


Is  to  depart 
So  is  radius 


13.27967 
9.77796 


To  the  diffl  of  long.  31?.  5      2  50J73 


Tojrnil  Diff.  LmgUade  titithoul  Dep." 
As  00.  sine  mid.  lat  53^9'  9.77795 
la  to  diff.  of  kt.  127. 3  3- 10449 

So  ia  tang,  course  6  pts.        10. 17511 


12.27960 
9.77796 


To  the  diff.  of  long.  317. 4      2. 50165 


To  find  the  Longitude  in. 
Longitnde  left  36°  -  6"  W. 

Diff.  of  long.  317m.  w         5   17  W. 

Longitudein  40  33  W. 


BY  INSPECTION. 

Look  for  the  oouise  5  points  st  the  bottom  of  the  pvee,  over  which,  and 
oppomte  the  distance  339  in  its  column,  will  be  the  dim  of  ktitude  127.  % 
and  departure  190. 4,  in  their  respective  columns. 

Look  for  the  Co.  mid.  latitude  $T  {being  the  nearest  to  86°  51')  as  if  it 
were  a  course,  and  for  half  the  departure  95.  S  in  its  column,  opposite  the 
nearest  to  which,  in  the  distance  column,  will  be  found  168 ;  this,  multiplied 
by  Slaves  the  diflerence  of  longitude,  316  miles. 

*  Or,  by  coDsdeHng  the  whole  figure  a  c  s  w  bd  oUiqae.*a|^  triao^  tt  tti^'  W 
stated  thmi  ■■  oa  due  mid.  bt.  ii  i«  ditunce,  MUdnecoorM  Udiff.  «f  la 


):,GoogIc 


msDEB  LATrrtTim  saiuhk 


BT  OUNTER'S  SCALE. 


Extenfl  from  8  points  to  the  complement  of  the  course  3  points  od  the 
lise  €f  one  tbombs ;  that  eztrait  will  reach  from  the  distance  8S9  to  the 
diffidence  of  latitude  187.  ft. 

Bttend  from  8  points  to  the  course  5  points  on  the  line  of  sine  rhumbs ; 
that  extent  will  reach  from  the  distance  2S9  to  the  departure  190.  4 

Extend  from  the  co.  mid.  latitude  SB'  51'  to  90°  on  the  line  of  sines ; 
that  extent  will  reach  from  the  departure  1 90. 4  to  the  difference  of  longi- 
todeSlXt 

CASE  III. 

BoA  LatUudet  and  Departure  given,  iafind  the  Courte,  Datance, 
and  Difference  of  Longitude. 

Biampib;  a  'shi^  frolta  Utkude  4^°  67'  N.  and  longitude  6°  IT  W. 
nil>  betweAi  the  South  and  West  until  she  arrives  in  latitude  S8^  27'  N., 
ud  finds  she  ha^  mftde  440  miles  of  departure :  required  the  course  she  Has 
steered,  the  distance  run,  and  the  lonj^tude  she  is  m. 

Latitndeleft        49°57'N. 49°57'N. 

UtHudeiB  38  27  N. 38  27  N. 


l>iff.ofltfknde   11  30 


Inmilea        090 


Sum  2) 88  24 


Co.  mid.  lat.  45  48 

BY  CONSTRUCTION. 

Draw  the  line  a  d,  and  from  a  to  b  lay  off  the  dif- 
fbence  of  latitude  690 ;  on  b  erect  the  perpendicular 
B  c,  wUch  make  equal  to  the  departure  440,  and  join 
A  c :  draw  the  line  c  n,  so  as  to  make  an  an^le  with 
c  B,  equal  to  the  middle  latitude  44^  12';  men  Uie 
coarse  cab  will  measure  SSP  SI',  the  distance  A  c 
818L  fi»  «nd  the  difiepence  of  longitude  d  c  61S.  7. 


BV  CALCULATION. 


Tojind  the  Covru. 
As  diff.  of  latitude  690  3.83886 

hkoiadvti'  10.00000 

8e  is  departure  440  2.  64345 


TotmgkCouwS 


To^nd  the  Ditlanct. 


Aa  sine  of  course  32°  31' 
Is  to  deputwe440 
So  is  raaiiu 


To  the  distance  8ia  5 


g.  73042 
2.04845 
10.00000 

12.64345 

9.73042 


D,s.i,:.dt,  Google 


90  MIDDLE  LATiTDDi  SAnnre." 


Tojiitd  the  Differenet  tf  Longitude. 

Aa  CO.  ane  mid.  Ul  4#  19'  0.86547 
Ii  to  deputure  440  2.6434S 

Soiindius  10.00000 


13.64345 
9.65547 


To  diff.  of  long.  6ia  7  3-  78798 


To,find  ike  ImgitiiJe  m. 

itndeleft  6°  11 

ofloiig.614BL(ff        10  U 

Lcmgitnde  in  16  Sf 


Loodtudeleft 

DiflTof 


BY  IMSPECnON. 

One  fourA  the  difirence  of  Udtade  lod  dmwtan,  that  u,  ItfL  5  lid 
110,  ue  found  to  coneBpoiid  neariy  under  SSP  and  38°,  tbe  dqMttne 
oppoate  die  difference  of  latitude  172. 5,  b«ng  too  little  nnda  SSP,  and  M 
much  under  SS^ ;  therefore  the  course  is  about  S2^  d^teea,  sad  ^  St- 
tances  answenng  to  these  are  203  and  206 :  their  sum  409,  divided  l^  % 
gives  one  fourth  the  distance  204.  6,  which,  muldplied  by  4,  gives  dv 
whole  distaDoe  818. 

The  complement  of  middle  latitude  4^  taken  as  a  conrse,  wi&  oDe-femtb 
fix  departure  110,  in  its  ctdumn,  gives  in  the  distance  column  1S9 ;  fia>i 
multijdied  by  4f,  inll  be  the  diflisieuce  of  loi^tude  612. 

BY  OUNTER'S  SCALE. 

Extend  from  the  difierence  of  latitude  690,  to  the  departure  440  <hi  the 
line  of  numbers ;  that  extent  will  reach  &om  iS'  to  the  course  SS?  SI'  <■> 
the  line  of  tangents. 

Extend  &om  the  course  82°  81' to  90°  on  the  line  of  sines;  thatextst 
will  reach  &om  the  departure  440  to  the  distance  818.  6  on  the  line  of 
numbers. 

Extend  from  the  co.  mid.  lat  4fP  48'  to  90^  on  the  line  of  sines;  tbrt 
extent  will  reach  from  the  departure  440  to  the  di£feieiice  of  lon^tnde 
619. 7  on  the  line  of  numbers. 

CASE  IV. 

Both  Laiitudet  and  Caane  given,  to  fnd  the  Departure,  DiMtoHee, 
and  Difference  of  Longitude. 

ExAKPLE.  A  ship  from  latitude  42°  US'  N.,  and  lon^tude  15°  6'  W., 
sails  N.  E.  b.  E.  for  several  days,  and  then  finds  by  observation  that  slu 
is  in  latitnde  46°  90'  N.:  required  the  distance  she  has  swled,  and  bs 
present  Icm^tude. 


b,  Google 


HIDOLE  LATITDJIB  SAUIHO. 


Uthcdeleft        4SPSS'H.  4a°9&'N. 

Latitude  by  ofae.  46  90  N.  46  90  N. 


91 


Diff.  of  latitude      3  fi5 
00 

InnilH       336 


u  9)  88  45 


BY  CONSTEUCriOH. 

Dnw  the  line  a  d,  and  bom  a  to  B  U^  off  the 
diflference  of  Utitade  S3£ ;  od  a  erect  the  perpen-    i  ^ 

dicu]ar  b  c,  and  m^e  the  angle  b  a  c  equal  to  the  ^  ^ 

course  5  ptnnts ;  dtav  the  Une  c  d,  making  kh  3        ^ 
unequal  to  Che  middle  latitude  44^  22' with  Bc;  > 
then  the  droarture  b  c  will  measure  S£2,  the  dia-  ^ 
tance  a  c  423,  and  the  difierence  of  longitude 


BY  CALCULATION 


To  ,^  the  Departun. 
As  radina  10. 00000 

la  to  diff.  of  latitude  335         3, 37107 
So  ia  tai^.  ooorae  6  pt».        10. 17511 


To  the  departure  351. 7         3. 54618 


Tajtmd  the  Difference  <^LimpiMdt. 
Aaoo.Kinemid.lat.44°23'  9.8S4SS 
la  to  depwture  3S1. 7  9. 54617 

iraaina 


Soiar 


la  00000 


To  diff.  of  Imgitnde  03        3. 60194 


Tojind  the  IXttoMtx. 
As  CO.  sine  of  coone  6  pta.     9.74474 
Ib  to  diff:  of  latitude  335        9.3710? 

So  is  radius  10. 00000 


13.37107 

9.74474 


To  the  distance  493  9. 09833 

To  find  iht  Longibide  in. 
Longitude  left  15°  &  W. 

DiK  of  long.  403m.  or  813  E. 

Longitude  tn  6  S4  W. 


BY  INSPECTION. 

Over  the  eoune  5  pcnnts,  and  opposite  half  the  tUfierence  of  Jatitnde 

117. 5,  in  ila  column,  will  be  foundlialf  the  departure  175. 4,  and  bidf  the 

diatSDce  Sll ;  these,  multiphed  by  2,  give  the  whole  departure  850.  ^  and 

the  ^stance  4A2. 


b,  Google 


givec 


The  CO.  mid.  1st  45°  88^  beiag  takeo  ae  a  GAine  between  4GP  mmI  i^V 
e  opposite  half  the  departuie  175.4,  in  the  distftnce  colmnns,  S14S  and 
ii  balf  the  sum  <^  these,  vix.  246,  will  be  half  the  di^reoce  of 
longitude,  which,  multijdied  by  2,  ^ves  the  diffeience  of  longitude  492> 

BY  GUNTER'S  SCALE. ' 

Extend  &om  the  complement  of  the  course  3  points  to  the  coorae  6  pmntM 
on  the  line  of  sine  riiumbs ;  that  extent  will  reach  from  the  difl^Kmce  of 
Udtude  235  to  the  departure  351.  7  on  the  line  of  numbers. 

Extend  from  the  complement  d  the  coune  3  pmnts  to  6  pmnta  oa  tbe 
line  of  sine  thumbs ;  that  extent  will  reach  from  the  diilerence  of  latitude 
235  to  tbe  distance  423  on  the  line  of  numbers. 

Extend  frt>m  the  co.  mid.  lat  45°  38'  to  90°  on  tbe  line  of  sines  ;  that 
extent  will  reach  from  the  departure  351. 7  to  the  difierence  of  lon^tnde 
402  on  tbe  line  t^  numbers. 

CASE  V. 

Both  LatUudet  and  Dittanoe  given,  to  find  the  Courts  and 
Diffinnce  of  Longitude, 

ExAKFLE.  Siqipose  a  sh^  from  latitude  56^  SO*  N.  has  sailed  Soonh- 
easterly  257  miles  when  she  arnTcs  in  latitude  SiP  47'  N.t  required  bar 
course,  and  difference  of  longitude. 

Latitndeleft      66°  30'N Sff-SCN. 

Latitude  in        S4   47  N 54   4?  N. 

Diftoflafc  1    43  2)111    17 


Co.mid.  lat.   34  '. 


BY  CON8TAUCTIOM. 
Draw  the  line  a  d,  and  from  a  to  n  la;  off  the  ^ 
diilerence  of  latitude  103;  on  s  erect  the  perpen-  ^ 
dicolar  b  c  ;  and  with  the  distance  257  in  the  com- 
passes, pUdng  one  foot  in  a,  let  the  other  cross 
B  c  in  c,  and  draw  tbe  line  a  c  ;  draw  c  d,  making 
with  c  B  an  angle  equal  to  the  middle  latitude 
66P  38' ;  then  the  course  b  a  c  will  measure  66°  22*, 
uid  the  difference  of  longitude  c  d  417. 


D.=.l,:sa;,  Google 


JIIDSLE  LATITODK.  SAllIMO. 


BY  CALCULATION. 


To^iidthe  Courte. 
Aa  the  diBtmnce  257  2.40993 

Iitoiadiiu  10.00000 

So»djff.oflat.l03  2.01284 


12.01284 


To  eo.  tine  conrae  60°  SB' 


To^nd  the  Difermce  of  LOKgilade. 
Am  CO.  sine  mid.  lat.  5S'%38'  9.  JSlfSS 
Is  to  tang,  oourae  60°  22'  10.35894 
So  is  di£  lat.  106  2.01884 


12.371^ 

9.7filSS 


To  diff.  of  lMigitude417        2.62013 


Note.  We  shall  omit  worldng  this  and  the  following  Cases  by  Inspection 
■nd  Gunter^s  Sc^«,  as  it  is  presumed  the  learner  si&ciently  imderstanda 
those  methods,  vithout  fuither  instruction. 


One  iMtUude,  Courae,  and  Departure  given,  to  find  the  Dtatanett 
Di0^Breace  of  LaHtade,  and  Difference  of  Longitude. 

ExAHPLB.  A  ship  euls  S.  S.W.  from  latitude  51°  16'  N., 
and  lonsitude  g^  SO*  W.,  until  her  departure  is  2S0  miles : 
rcqtnred  die  distance  Bwled,  and  her  present  latitude  and 
loi^tude. 

By  CONSTRUCTION. 

Havins  drawn  the  line  a  d,  make  a  e  perpendicular  to  it, 
■nd  equal  to  the  departure  S50 ;  through  s  draw  £  c  paraOel 
(o  AD,  and  draw  ac,  making  an  angle  with  ad,  equal  to  the 
course  2  points  i  draw  c  b  parallel  to  a  e,  and  the  line  c  d, 
nuking  an  angle  with  c  b,  equal  to  the  middle  latitude  c 
4ff'  Is';  then  will  the  difference  of  latitude  a  b,  measure 
608. 6,  the  distance  a  c  653.  S,  and  the  diSerence  of  loofl- 

■e  CD  861.8.  '^ 


To  find  the  Difference  eflMlilude. 
Aa  sine  of  course  2  pta.  -9.68284 

Is  to  departure  260  2. 39794 

So  is  GO.  rane  of  course  2  pts.  9. 965^ 


13.36366 


To  the  diff.  of  lat  603.  6        3. 78072 


UtindeM 

Diff.  of  ladtuae604m. 

51°  IS-  N. 
or    10     4  8. 

Latitude  in 

41    11  H. 

3)99   96 

Middle  Uude 

46    13 
90   00 

Cki.  mid.  latitude 


:,  Google 
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7^  Jini  the  Difionce. 
Aa  sui«  of  oouTM  S  pti.  9.58S84 

Zi  to  depwture  260  3.39794 

Solsndios  '  la  00000 


To  the  diituee  663. 3 


ToJi*d  the  Difference  ^Longil^dc. 
As  CO.  Bine  mid.  lat.  40°  13'  9.84006 
Is  to  denutnre  250  8.39794 

So  is  radiiu  10.  OOOOO 


To  the  diff.  of  long.  361. 3      3. 55788 


Louhodeleft   9°  50"  W. 

DiC  of  hmgitiide  361  miln,  or  6     1  W. 

Longitndein 16    51  W. 

CASE  VII. 

One  LatUude,  Dittance,  and  Departure  gvoen,  to  find  the  Owtw, 

Dighrence  of  Latitude,  and  Difference  of  LongHude. 

ExAHPLB.  A  diip  from  latitude  54P  N.,  uid  lon^tude  S3°  ftO'  W.,  saib 
850  miles,  between  the  North  and  East,  until  the  haa  made  KEO  Hi3e«  of 
departure :  required  the  course  steered,  uid  her  present  Istitode  nd 
loD^tude. 

BV  CONSTRUCTION. 

Draw  the  line  a  d,  and  make  a  e  perpendicular  to  it, 
and  equal  to  the  departure  230 :  tlirough  e  drav  e  c 
parallel  to  a  d,  and,  with  the  distance  sBo  in  the  com- 
passes, set  one  foot  in  a,  and  let  the  other  cross  c  e  in  c ; 
join  A  c,  and  draw  a  c  parallel  to  a  > ;  then  the  course 
s  A  c  will  measure  38°  57',  and  the  difference  of  Utitude 
A  B  872.  S :  hence  the  latitude  in  will  be  58P  SS",  and 
the  mid.  Ut  66°  16". 

Make  theuigle  b  cd  equal  to  56^  16',  and  the  difler^ 
enoe  rf  Itmgitude  d  c  will  measure  d96.  X. 


As  the 

la  to  radios 

So  is  departnre  390 


BT  CALCULATION. 

To  find  the  CourK. 

3.64407 


13.34343 
3.64407 


To  ske  gf  oouik  38°  67' 


To  find  the  Difference  of  LatiMie. 

As  radius  10.  OOOOO 

la  to  distance  360  3. 64407 

Soi«oD.aiiieofcoiiTse3e°67'  9.89061 


Tothediff.oflat.37a.2        3.43488 


HtODLB  LATITDDB  8A1LINO. 


laliuilaleft 
lM.itU.!m''.m 

W   ffN. 
4  32  N, 

Udtgdeiii 

58 

33  N. 

HliUtide           M 
SO 

00 

Co.  mid.  latitude       33  44 


9S 

To^iirf  Me  D^WMce  qf  LoxgUide. 
Afloo.dDemid.itt.Sff'ie'  9.74466 
Is  to  departure  230  9.34343 

So  is  raditu  10. 00000 


la.  34242 
9.74455 


Tothediff.of  Itmg.agaS     3.59787 


mgitadeleft 33°  20' W. 

ifieroaoe  of  longitude  306  milei,  or   6   36  E. 


liongitude  in   , 


One  Latitude,  Departure,  and  Difference  of  Longitttde  gwen,  to  Jind 
the  other  La^tude,  Course,  and  Distance.* 

ExAHPu.  A  ship  from  latitude  36°  8S'  N. 
adb  between  the  South  and  West  until  she  has 
nude  480  miles  of  departure,  and  56S  miles  of 
Terence  of  longitude :  required  her  present  lad- 
tnde,  comae  steered,  and  distance  run. 
BT  CONSTBUCTION. 

Havmg  drawn  the  line  a  d,  make  a  c  perpen- 
dicular to  it,  and  equal  to  the  departure  4B0 ; 
draw  c  d  equal  to  the  difference  of  longitude  56i, 
meeting  a  d  in  d  ;  then  the  middle  latitude  a  c  d 
w31  measure  Sl°20' ;  hence  the  latitude  in  is  26°  8', 
and  the  difieience  of  latitude  S2i :  now  make  a  a 
equal  to  6St4,  and  join  a  c,  which  will  measure 
the  distance  787-  S,  and  the  course  cab  will  be 
37=  34-. 

BY  CALCUl^TION. 

7*0  ^ad  the  Middle  LaiUttde. 

Aithediff.  oflnig.6%         2.74974 

Ii  to  radios  la  00000 

So  ia  departure  480  2.68124 


12.68124 
2.74974 


Middle  Utitnde 

31»20' 

Doable  mid.  laL 
Ududelaft 

as  40 

30   39N. 

Latitude  in 

20     8N. 

DifT.  of  Ut 

10   24=624111. 

Toeo.sinemid.lat.SPSO'    9.93150     Diff.  of  lat 


)t  ba  tolTcd  by  M«rtUor'«  Sailing. 
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Tojmd  the  GmrMt. 

A«diir.ofUt.as4  a.7B6i6 

lauradiiu  10.60000 

So  iB  deputura  480  S.  6^94 


12.68134 
2.79518 


Aandim 

b  to  diff.  (J  Ifit.  as4 

8ouHc.Goiine37'34' 


To  the  distance  787. 9 


MOION 

8.7S61S 

la  10009 


MERCATOR'S  SAILING. 


MERCATOR'S  SAILING  is  thexrtof  findingonapUne  ewftcethe 
motion  of  a  ship  upon  any  assigned  course  of  the  compass  which  shall  be 
true  in  latitude,  longitude,  and  Stance  sailed.  This  method  is  derivEd 
from  the  projection  of  Mercator's  Chart,  in  which  the  degrees  of  lon^twk 
are  every  where  equal,  the  degrees  of  ladtude  increase  towards  the  pcJn. 
and  the  parallels,  meridians,  «id  Tfaumh-lines  are  all  represented  by  strut 
Hues. 

Charts,  in  which  the  degrees  of  lonntude  and  Utitude  are  every  where 
eaual,  are  termed  Plane  Charts,  rniese,  it  mutt  appear  obvious  from 
wnat  has  been  said  in  Parallel  and  Middle  Latitude  S^hng,  are  constructed 
on  erroneous  principles ;  and  it  is  aiso  evident  that  their  error  must  increase 
in  proportion  as  the  places  are  more  remote  from  the  Equator ;  but  the 
great  mconvenience  of  using  curved  lines  on  a  plane  surface,  induced 
mariners,  notwithstanding  their  incorrectness,  to  use  the  Plane  Charts,  dS 
Mr.  Gerrard  Mercator,  about  the  year  1556,  published  a  chart,  in  which  be 
continued  the  meridians  all  parcel  to  each  other,  thereby  extending  the 
degrees  of  longitude  beyond  their  proper  length  ;  but,  in  order  to  compen- 
sate for  this  expansion  of  the  degrees  of  longitude,  he  enlarged  the  meri- 
dional lines,  that  is,  increased  the  distance  between  the  parallels,  so  that  die 
proportion  between  a  degree  of  latitude  and  longitude  might  be  every  when 
preserved  on  the  chart,  at  the  same  time  that  tbe  meridians,  parallels,  ni 
rhumbs  would  be  all  projected  into  strait  lines :  whence  a  durt  thus  con- 
structed has  obtained  the  name  of  Mebcatok's  Chabt.  It  does  d(^ 
however,  appear  that  Mercatw  understood'  the  true  principies  ^  ibn 
prelection,  as  he  did  not  enkrge  the  meridional  d^rees  in  that  jott 
proportion. 

In  the  year  1599,  Mr.  Edward  Wright,  of  Caius  College,  CambriAft 
published  Ae  true  principles  of  Mercator's  Chart,  in  a  work  entitied  "  7w 
Correctionof  certain  Errora  in  Navigation  s'^^here  he  vhenedthy^TMe 
of  Meridional  Parts,  the  length  of  the  enlarged  meridiana  in  mixes  rf  the 
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equMor  weTCtjrs^irte  oflsutude,  and  which  Table  be  csBitnicted  accoid- 
%  to  the  fbUowingpnndples : — 

It  h»  been  alieady  demonstrated  in  Parallel  SuHng,  that  the  length  of 
■ay  portiOD  of  a  paraUel  is  to  a  similar  portion  of  the  equator  as  the  co.  sine 
of  the  latitude  is  to  radius ;  but  the  meridians  and  equator  being  equal  on 
libe  ^obe,  therefore  the  length  of  any  portion  of  a  parallel  is  to  a  similar 
portion  of  a  meridian,  as  co.  sme  of  the  latitude  is  to  radius ;  or,  which  is  the 
Bitne  thing,  as  radius  is  to  the  secaat  of  the  latitude.  Now,  if  the  meridians 
ue  nude  parallel  to  each  other,  the  length  of  a  degree  or  minute  of  longitude 
tcU  remain  ths  stme  in  every  latitude  as  at  the  equator,  hy  which  they 
win  be  enlarged  beyond  their  proper  length  in  the  ratio  of  ramus  to  secant 
of  the  latitude ;  therefore,  the  length  of  the  meridional  degrees  or  minutes 
mtut  be  likewise  tncreaaed  in  the  same  proportion.  Hence  the  length  of 
the  first  minute,  or  mile  of  latitude,  from  the  equator  will  be  represented  l^ 
the  secant  1',  (the  length  of  a  mile  on  the  equator  being  radius);  the 
second  mile  by  the  secant  of  S' ;  the  third  mile  by  the  secant  of  3',  Stc. : 
consequenUy  the  length  of  the  meridional  line  to  any  bititude  will  be  equal 
to  the  sum  of  the  secants  of  all  the  intermediate  milea  between  the  equator 
and  the  given  latitude. 

This  method  of  constructing  meridional  parts  is  not  strictly  accurate, 
because  the  secants  should  be  taken  to  eveir  point  of  latitude ;  but  as  the 
taUes  of  meridional  parts  are  seldom  carried  to  decimals,  the  error  is  of  no 
coQsequence  in  any  navigable  latitude.  However,  more  accurate  and  expe- 
ditious roetbods  have  been  since  invented  for  the  same  purpose. 

To  find  the  length  of  the  expanded  meridian  between  any  two  parallels 
of  la^tnde,  or,  as  it  is  called,  the  meridional  difierence  of  latitude,  tae  same 
mles  are  to  be  observed  as  in  finding  the  true  or  proper  difierenoe  (^ 
latitude — that  is,  if  the  latitudes  are  <h  the  same  name,  the  difference  of 
their  corresponding  meridional  parts  (taken  from  Table  III.);  but  if  the 
Utitudes  are  of  contrary  names,  the  sum  of  those  parts  will  be  the  meri- 
dional difference  of  latitude. 

From  the  principles  of  Mercator's  Chart  it  is  proved,  that  if  a  b  (see  the 
figure  in  Case  I.)  represent  the  true  or  proper  dinerence  of  latitude  between 
two  places,  the  angle  b  a  c  the  course,  a  c  the  true  distance,  b  c  the 
departure,  as  in  Phtne  Siulins;  and  if  we  produce  a  b  to  o  till  it  be  equal  to 
the  enlargiBd  or  meridional  dinerence  of  latitude,  and  draw  d  e  parallel  to  b  c, 
then  will  d  e  represent  the  difference  of  longitude.  Now  the  triangles  a  B  c 
and  ADS  arc  similar,  the  angle  A  being  common  to  both,  and  the  sides  b  c 
and  D  K  parallel ;  therefore,  asAB:Bc::AD:u  e — that  is,  as  the  proper 
difference  of  latitude  is  to  the  departure,  bo  is  the  meridional  difference  of 
latitude  to  the  difference  of  longitude.  Hence,  likewise,  in  the  triangle  a  s  E, 
uaking  a  i>  radius,  we  have — As  radius  :  a  u  : :  tang,  angle  a  :  s  n ;  that 
is,  as  ra^us  is  to  mer.  diff.  of  latitude,  so  is  tangent  of  the  course  to  the 
4^bnnee  of  loagittide ;  or,  making  a  b  radius — As  co.  one  angle  a  :  a  b  : : 
saea^k  a  :  e  d  ;  that  is,  as  co.  sine  of  the  coiurse  is  to  mer.  diff.  of  lati- 
tude, so  is  dne  of  the  coiurse  to  the  diff.  of  longitude :  which  proportions, 
«i(h  others  derived  from  tiieee  triangles,  will  resolve  all  the  Cases  in 
Mercator''s  Sulmg. 
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9S  UKICATOK  H    SAILINQ. 

In  the  feQowina  Cmcs,  excqrt  the  eighdi,  the  Bsme  eiwnplet  ve  intro- 
duced u  in  Middle  Latitude  Sailing,  in  otder  that  a  comparison  may  be 

made  between  the  two  methods. 


TTieLaHhtdeaandLongitwteaof  Two  Placet  given,  ioJIndtMe 
Coune  and  Dutanoe  between  them, 

ExAUPLK.  Required  the  course  and  distance  from  Cape  St  Vincent,  m 
latitude  31°  i^  N.  and  longitude  9°  1'  W.  to  Funchal,  in  Madeira,  in  lati- 
tude S9P  S^  N.  and  lon^tude  \^  56'  W. 

Lat.  Cue  St.  Vine  37°  S'N.    Mer.puti3396   Loog.aStVin.   9°    I'W. 
LatFunehd  SSSS'N.    Mer.  parts  9073   iMg-Fondul     16  £6  W. 

Diff.  of  latitnds         4  25     Mer.  diff  <tf  lab  323    Diff.  of  limg.        7  55 


BY  OONSTBUCnOM. 
Draw  the  line  a  d  to  represent  the  meri- 
dian of  Cape  St.  Vioc^it,  iq>on  which  lay 
off  the  meridional  difference  of  latitutfe 
SS3;  on  a  erect  the  perpendicular  d  e 
(Frob.  II.  or  XII.  Geom.);  make  it  equal 
to  the  diflerence  of  longitude  475,  and 
draw  the  line  a  e  ;  &om  a  to  e  lay  (kIF  the 
proper  difierence  of  latitude  £!(>5|  and 
through  a  draw  a  c  parallel  to  s  b  ;  then 
wiU  t£e  angle  k  a  d  be  the  course,  mea- 
suring 55°  47',  or  5  points  neariy,  and  a  c 
the  distance,  471  miles. 

BV  CALCUI^TION. 


To^nd  the  Omrte. 
As  mer.  diff.  of  lat  333 
Is  to  radius 
So  is  diff.  of  long.  476 


10.00000 
2.67669 


To  tang,  course  55^  47' 


Tojimd  the  DiiltHtce. 
As  radius  Id 

Is  to  prop.  diff.  lat.  266  9 

So  is  sec.  course  66°  47'         K 


19.07396 
10.00006 


To  the  distance  471. 3 


Hence  the  direct  course  from  Cape  St.  Vincent  to  Funchal  ia  S.  56°  47'  W. 
or  S.  W.  b.  W.  nearly,  and  the  distance  471  milea. 


):,GoogIc 
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BY  INSPECTION. 

Seek  in  the  Tables  for  half  the  mend.  £ff.  of  Ut  161. 5,  and  half  the  diif. 
c^  longitude  2S7. 5^  till  they  are  found  ^unst  each  other  in  the  Ut  and 
dep.  Golumiu:  the  nearest  to  theae  are  160.fi  and  S37. 9  in  that  page 
mailed  $&"  at  the  hottom,  which  is  the  course ;  over  Uiat  course,  and 
mpMiK  half  the  pn^ter  diff.  of  latitude,  13S.  5  in  its  column,  is  found,  in 
toe  disL  column,  837*  which  multiplied  by  S,  ^vea  Ae  distance  required, 
474  miles. 

BY  GUNTEK'S  SCALE. 

Extend  from  the  met.  diff.  of  Ut.  3S3  to  die  diff  of  long.  475  on  the 
bne  of  numbers ;  that  extent  will  reach  from  45°  to  the  course  BSP  47'  on 
the  line  of  tai^ents. 

Extend  from  the  complement  of  the  course  34''  13'  to  90*^  on  the  line  of 
anet;  that  extent  will  reach  from  the  ptapet  diff.  of  Ut.  265,  to  the  dis- 
lance  471  on  the  Hne  of  numbers. 

CASE  II. 

OfM  Latitude,  Courte,  and  Distance  given,  to  Jind  the  DiffbretUfO  of 

Latitude  and  Difference  of  Longitude. 

Example.  A  ship  from  Utitude  52°  6'  N.  and  loimtude  35°  6*  W. 
luls  N.  W.  b.  W.  229  niiles :  required  her  present  Utitu&  and  lon^tude. 

BY  CONSTEUCTION. 

Draw  the  line  a  d,  and  make  the 
n^e  SAB  equal  to  the  course  fi 
pomts ;  from  a  to  c  Uy  off  the  dis- 
tance 229,  and  from  c  draw  c  a  per- 
pen^cuUr  to  a  n ;  then  will  a  b 
measure  the  diff.  of  Utitude  127: 
beace  the  Utitude  come  to  is  54^  13', 
and  the  mer.  diff.  of  latitude  212; 
make  a  d  equal  to  21  %  and  draw  d  e 
parallel  to  b  c  ;  then  will  the  difler- 
enceirflMi^tiideDK  measure  317.3. 

BY  CALCULATION. 


Djf-^L^- 


To  Jind  the  Differemce  tf  Latitude. 
Ai  Tadiin  10. 00000 

h  to distmce  329  2.35064 

So  is  eo.  line  comae  6  pts.      9. 74474 


To  the  diK  of  Ut.  127-  2        3. 10458 


To^»d  the  Latitude  in. 
LaLleft     52°  e^N.    Her.  pta.  3675 
Diff.  of  Ut  2    7  N. 

Lat.  IB       54  13  N.    iSer.  pts.  3887 
Mer.  diff.  <tflat   212 


D,3.1i:sdb,G00'^lc 
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To^nd  iht  Dijerence  i^Loi^iuU. 
AsradJtu  10.00000 

la  to  mer.  diff.  Ut  SIS  3.39684 

So  is  t>u^.  oouiM  6  pta.        10.17611 


12.60145 

10.00000 


To  diff.  of  longitude  317. 3     2.50145 


To^itd  the  Longitude  m, 
hoa^taie  left  3^    6r  W. 

DiCof  long.  317m.  or         5    17  W. 

Longkndetn  40   S3W. 


BY  INSPECTION. 

Over  the  couiBe  5  points,  and  opposite  the  diaUnce  9Sd,  is  the  difference 
of  latitude  137.  S  :  heoce  the  latitude  come  to  is  54°  IS',  and  the  mer.  diff 
of  lat.  313 ;  then  over  the  course  5  points,  and  opposite  half  the  mer.  diff 
of  Ut  106,  in  a  lat.  column,  will  be  found  15)^.  8  m  a  dep.  column,  whidi, 
multiplied  hj  S,  gives  the  diff  of  longitude  31 7.  G. 


BT  OUNTER'S  SCALE. 

Extend  from  8  points  to  the  complement  of  the  course  S  points  on  tbe 
Une  of  sine  rhumbs ;  that  extent  wul  reach  from  the  distance  3^  to  the 
difference  of  latitude  137. 3  on  the  line  of  numbers. 

Extend  irom  4  points  to  the  course  5  points  on  the  Kne  of  tangent 
rhumbs;  that  extent  will  reach  from  the  mci.  diff.  o(  latitude  313  to  tbe 
diff.  of  loD^tude  317.  S- 


Both  Latitudea  and  Departure  gmen,  to  find  the  Courte,  Di^amee, 
and  Difference  of  Longitude, 

ExAHPLB.  A  ship  from  tadtude  49^  57'  N.  and  lot^tnde  6°  11'  W. 
suls  between  the  South  and  West  until  she  arrives  in  latitude  Sff  37'  N., 
and  finds  she  has  made  440  miles  of  departure :  required  the  coarse  she 
has  steered,  the  distance  run,  and  the  longitude  she  is  m. 


Utitnde  Uft 
LaUtadc  k 

38  27  N. 

Mur.nro 
Mar.pnu 

9W3 

Diir.  of  UUtude 

11   30 
60 

Mer.  as.  UUtude 

"067 

Miles 

690 

b,  Google 
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BY  CON8TEUCTION. 
Htving  diavn  the  line  a  d,  make  a  b  etjual  to 
the  proper  diff.  of  latitude  690 ;  od  b  erect  the 
peipenmcular  b  c,  and  make  it  equal  to  the 
departure  440;  also  make  a  d  equal  to  the 
meridional  diff.  at  latitude  967,  and  drav  d  b 
parallel  to  b  c ;  through  a  and  c  draw  the  line 
A  E,  meeting  i>  e  in  e  ;  then  will  the  angle  cab 
be  the  course  S%°  tV,  a  c  the  distance  Sltj.  5, 
and  DK  the  difference  of  longitude  616. 5- 


BY  CALCULATION. 


To  Jtnd  the  Course.     , 
Aa  diff.  of  latitude  690  3.83885 

Is  to  ndius  10. 00000 

So  is  departure  440  2.64315 


12.S4345 


To  tang.  < 


e32'31' 


9.80460 


To  ^nd  the  JKtlance. 
As  Bine  of  course  33^31'        9.73043 
Is  to  departure  440  3. 64345 

So  ia  radius  10. 00000 


13.64346 

9. 73042 


Tojiitd  Ike  Digertmx  ^  LongUude.* 
AsTsdius  10.00000 

h  to  mer.  diff.  ht  96?  2. 98643 

Soistang.  ooane3S°31'       9.8044? 


10.00000 


To  diff.  of  long.  616. 5  2. 78000 


To  the  distance  818. 5 


Tojnd  Ike  LoMgHude  in 
Longitude  left  6^11'W. 

DiCof  long.  616m.  n-        10  16  W. 

Longitude  in  15  3?  W. 


BY  INSPECTION. 

One  fourth  die  diff^nce  of  latitude  and  departure,  that  is,  1 72.  S  and 
110,  are  found  to  correspond  nearly  under  SiP  and  S3°,  the  departure 
opposite  the  difference  of  latitude  ITS.  5,  hang  too  little  under  3^,  and  too 
much  under  33° :  therefore  the  course  ia  about  32^  degrees,  ami  the  dis- 
tances answering  to  these  are  SOS  and  306 :  their  sum  409,  divided  by  if, 
e^ves  one  fouru  the  distance  304.  S,  which,  multiplied  1^  4,  gives  the 
whole  ^stance  818. 

'  Or,  DiiGe  ths  trian^M  A  ■  C  uid  A  D  K  are  dndlaf,  the  ^ffennce  of  longltuda  nuiy  ba 
foond  iDdepaideDt  0/  the  coiine ;  bvMABt  ac  ::  ab  i  de;  Um  h,  n  tbe  propar 
dllE  <tf  Ut.  U  to  tba  dip.,  u  ii  the  mar.  diff.  of  lat.  i«  the  diff.  of  longitude. 


H  SBC  A  TO!  8   SAILIIM. 


One  fouith  the  mer.  diff  of  Utitode  S41. 7,  in  one  of  the  lat  cdhnam  tt 
the  page  maifced  with  the  course  32°  at  the  top,  givea  in  the  dep.  coIubb 
151.0;  and  (he  same  with  the  course  8S°  at  the  top,  pvei  156.9;  the  sum 
of  these  is  807-  9>  which,  divided  by  3,  gives  153. 9 ;  this  multiiJied  hj  4, 
gives  the  dtfiircnce  of  longitude  615. 6. 


BY  OUNTEB'8  BCALE. 

Extend  from  the  difference  of  latitude  690  to  the  departure  440  on  die 
line  of  numbers ;  that  extent  will  reach  fiom  45°  to  the  course  38°  SI'  «■ 
the  line  of  tangents. 

Extend  from  the  ooune  SV  31'  to  90^  on  the  line  of  sines;  that  extent 
wiU  read  (rtm  the  departure  440  to  the  distance  818.  5  cm  the  line  of 
numbers. 

Extend  from  45°  to  the  course  SfP  SI'  on  the  line  of  tangents  ;  tbat 
extent  will  teach  from  the  meridional  diff.  of  latitude  967,  to  the  diffisaice 
of  longitude  616.  5,  on  the  line  of  numben. 


Both  LatUudei  mtd  Onirte  given,  to  _find  the  Dwtaiu»,  and 

Differertce  of  Longitude. 

ExAHPLE.  A  ship  from  latitude  42°  25'  N.,  and  longitude  18^6' W^ 
suls  N.  £.  b.  E.  for  several  days,  and  then  finds  by  Observation  that  die  is 
in  latitude  40^  SO'  N.:  required  the  distance  she  haa  suled,  and  hei  presort 
longitude. 

Latitude  left  43°  35' N.  Mer.  porta  2815 

Latitude  io  by  Obs.  46  20  N.        Mer.  parte  3144 

Diff.  of  latitude  3  55  Mer.  diff.  latitude       339 


BY  CONSTRnCTlON. 

Draw  the  line  a  d,  and  from  a  to  b  lay  off 
the  diff.  of  lat.  %85  ;  on  b  erect  the  perpen- 
dicular B  c,  and  make  the  uigle  b  a  c  equal 
to  the  course  5  points ;  lay  off  the  mer.  oiff. 
t^  lat  329  from  a  to  n,  and  through  d  draw 
.  D  E  parallel  to  B  c ;  then  the  distance  a  c 
will  measure  423,  and  the  diff.  of  loi^tude 

DE4g». 
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BY  CALCULATION. 


To  Jind  the  DUtance. 
Am  00.  aae  of  oodtm  5  pts.      9. 74474 
la  to  diff.  of  latJtnde  236        3.37107 
So  ia  ndius  la  00000 


13.37107 

a  74474 


To  the  distance  423 


To  Jind  the  Diferenee  of  LoHgHtuU. 
Asndios  laOOOOO 

btomer.  diff.  oflat.329      2.51730 
80  IB  tang,  ooune  5  pts.       10.17511 


To  djff.  of  long.  493. 4         3. 69331 

LoDfitnde  left    16°    frW. 

Diflference  of  longitnde  492  miles,  or 8  13  £. 

Longitude  in  .-. 6  64  W. 

BY  INSPECTION. 

Over  the  course  5  points,  andoppodtehslf  the  difference  of  Uticude  11 7. 5 
in  its  column,  will  be  fbund  half  tne  disumce  211  in  its  proper  column ;  this, 
multiplied  by  S,  gives  the  whole  distsnce  4S^ 

Cmr  the  same  course,  snd  opposite  half  the  mer.  diiT.  of  latitude  164. 5, 
fbond  in  s  latitude  column,  stanoB  S46. 1  in  the  corresponding  dep.  column  ; 
whidi,  multiplied  by  2,  gives  the  diffl  longitude  49S.2- 

BY  GUMTEB'S  SCALE. 

Extend  from  the  complement  of  the  course  3  points  to  8  points  on  the 
line  of  sme  rhumbs ;  that  extent  will  reach  from  the  difference  of  ladtude 
9S5  to  ibe  (^stance  493  on  the  line  of  numbers. 

Extend  from  4  points  to  the  course  5  points  on  the  line  of  tangent  rhumbs ; 
thu  extent  will  reach  from  the  mer.  diff.  of  kt.  SSO,  to  (he  diff.  of  lon- 
^tode  49S.  4  on  the  line  of  number& 

CASE  V. 

B<ah  Laiitudet  and  Dittance  gioen,  to  find  the  Coarse  and 
Difference  of  Longitude. 

Example.  Suppose  a  ship  from  latitude  BSP  StV  N.  has  sailed  South- 
euteily  267  mil^  when  she  arrives  at  latitude  64P  47'  N. :  required  hex 
ixmae  steered,  and  diflerence  of  lon^tude. 


Latitude  in 
Kff.  of  latitude 


eff'SO'N. 
64  47  N. 


Mer.  puts 
Mer.  parts 


4138 

8945 


Mer.  diff.  latitude 


D,s.i,:.db,  Google 
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BT  GONVTRUCnON. 
Dnw  the  line  a  d,  utd  from  a  to  b      a 
Iqr  off  the  diff.  of  katude  lOS ;  on  b  f  P'--..^^ 
enct  the  perpendicuUu- 1  c,  «nd  with   lio*^^^ 
the  diMsnce  iffj  in  die  com|ttuea  set  ^|| 
one  foot  in  a,  and  with  the  other  de-    ^    ' 
scribe  an  arch  cutting  bc  in  c,  and   K 


l>if.l»H- 


draw  the  line  a  c  ;  from  a  to  d  lay  off   §d 

the  mer.  diff.  of  ladtude   18S,  and 

through  D  draw  n  e  parallel  to  b  c,  meeting  a  c  produced  in  e  ;  then  tit 

course  b  a  c  will  measiue  66^  22',  and  the  oiff.  of  lonptude  d  b  418.  X. 

BT  CALCULATION. 

TojCnd  the  Courte.  To^md  the  D^gemuxi^tongitMdt. 

M  the  dirtance  25?  3.40993     As  co.  sine  course  68^22'      9.60303 

Is  to  mer.  diff.  lat.  183  2. 26245 

So  is  sine  oonrse  6S°a2'        9. 96196 


To  00.  rine  oonne  e9>  99'       9. 00201 


Todiff.oflangitade418.9     S.fl 


One  Latiiude,  Coune,  and  Departure  given,  to  find  the  Distance, 
Difference  of  Latitude,  and  D^fkrmce  of  LongUtuie. 

£xAMPi,E.  A  ship  sails  S.  S.W.  from  latitude  51°  15' N.,  and  longitude 
9°  S(y  W.  until  her  departure  is  SAO  miles:  required  the  distance  saik4 
and  her  present  ladtude  and  lon^tude. 


BT  CONSTHDCTION. 
Draw  A  p,  siid  make  a  f  perpendicular  to  it,  on  which 
lay  off  from  A  to  F  die  dep.  250 ;  throu^  r  draw  f  c 
panJlel  to  a  d,  md  draw  a  c,  maldi^  an  angle  with  a  a 
equal  to  the  course  9  pcnnts,  meeting  p  c  in  e,  thnm^ 
which  draw  c  b  parallel  to  f  a  ;  then  will  the  distance  a  c 
measure  65S,  and  the  dUf.  of  latitude  a  b  604 :  hence  the 
ladtude  in  is  41°  11',  and  the  mer  diff.  of  lat.  8T7;  frotn 
A  to  D  lay  off  8T7,  nd  draw  j>  s  parallel  to  b  c  or  r  a, 
meeting  a  c  produced  in  e  ;  then  will  the  diff.  of  longi- 
tude OE  measure  363. 3. 


t,GoogIc 
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Tojmdthe  D^eremx  oj  LaiitviU. 
AofawofoonneSpts.  9.68284 

IitoiWtoraaSO  3.39794 

"  ■        '-     '      -ia2pte.     9.96662 


BT  CUiCUlJl-nON. 

To  Jtnd  the  IXttance. 


13.36366 
9.  £8384 


'nitbediKoflat.603.6        9.78073 


Ul  left  51°  15' N. 
Diff.  Itf.  10     4  8. 


Her.  pta< 


41   II  N.    Mer.  pte.    S716 

MCT.diff.Ut.  877 


Lc^ttadflleft  ff'SO'W. 

Di£rfl(Hig.363in.or  6     3  W. 


LoD^tndeiii 


3pta. 
I*  to  departure  250 
SoiandioB 


9.58384 
2.39791 
10.00000 


To^tid  the  Difference  (^  Lottgitude. 

As  00.  cine  of  gouim  2  pta.     9. 96562 
Is  to  mer.  dlff.  lat.  877  2. 94300 

So  ia  one  conrse  2  pts.  9. 58284 


12.52584 

9.96562 


To  the  djff.  of  long.  363. 3      2.66022 


One  LaHiuthf  Dietanee,  and  Departure  gieen,  to  jind  the  Coune, 
Diferenoe  of  Latitude,  and  Difference  of  Longitude. 

Example.  A  ehip  from  latitude  54°  N.,  and  lon^tude  SS^SO*  W.,  sails 
360  miles  between  the  North  and  East  until  she  has  made  320  miles  of 
departure:  required  the  course  steered,  and  her  present  latitude  and 
lo^tude. 

BY  C0N8TEUCTI0N. 

Draw  A  D  and  a  f  perpendicular  to  it,  which 
make  equal  to  the  departure  220 ;  through  f 
draw  F  c  parallel  to  a  d,  and  with  the  distance 
350  in  die  compasses,  set  one  foot  io  a,  and 
with  the  other  draw  an  arch  cutting  f  c  in  c ; 
jmn  A  c,  and  draw  b  c  parallel  to  A  f  ;  then  tiie 
conrse  b  a  c  will  measure  SSP  57',  and  the 
difference  <tf  lot  a  a  ST2.  S ;  hence  the  latitude 
in  is  GSPS9f,  and  mer.  diff.  of  latitude  490 ; 
from  A  to  D  lay  off  4^,  and  through  d  draw 
n  B  parallel  to  a  F  or  b  c,  meeting  a  c  pro- 
duced in  e;  then  dw  diff.  of  longitude  de  will 
-       1:396.1. 


..Cioogic 


MIBCATOBB  SAlUJta.- 


B7CALCnX.AX10H, 


To  Jtnd  Ike  Courte. 
As  the  duUnoe  360  2.54407 

btonulioa  10.00000 

So  ii  deputora  390  S.342ti 


13.34343 
3.64407 


Mer.pts.386S 

[«1  in    SB  33  N.      M«.  pte.4356 

Mer.diff.Ut.   490 

Loogitnds  left  39>  90*  W. 

Diff.ofloiig.396iii.or  6  36  E. 

Limgitade  In  36  44  W. 


Tajind  the  Diffkremce  Oj 

Aaraditn  lOOMW 

la  to  disunoe  350  3.fi4«T 

Soiaco.Buieea«rae38°67'  9.88081 


Td  tbe  diff.  irf  lot  979: 9 


To  Jtnd  the  Dtjerence  of  LongittJe. 
At  Ob  aiiie  cmme  38»d7'  8. 89061 
Istomcv.  dlftl«t.40O  2.69090 

Soil  doe  GODne3ff'S7'        9.79840 

12.48800 


IVidiff.  of  long.  300.1 


CASE  VIII. 

One  Latitude,  Coune,  and  DiJ^rettce  of  Loagiitide  given,  to^findihe 

Dittance  and  JXgirenee  of  Latitude.* 

Example.  A  Aip  {Wnn  ladtade  34°  20'  N.  n&  &  41°  W.  tffl  faff 
difference  o(  longitnae  b  680  miles :  reqiured  her  picaciit  Uuitnde  ai 
distance  sailed. 

BY  CONSTRUCTION. 

Draw  A  D,  and  make  a  t  perpeadindBr  to  it,  p  a 

and  equal  to  die  difference  of  longitode  680; 
draw  F a  parallel  to  ad,  a b  making  an  angle 
with  A  D  equal  to  the  course  41°,  meeting  f  b 
in  E,  and  b  d  panllel  to  f  a  ;  then  a  d  wUl  be  the 
mer.  diiF.  of  latitude  equal  to  789 ;  which  sub- 
tracted from  the  mer.  ports  aS  the  ktitude  left, 
E'res  the  mer.  parts  of  the  lalittide  in :  hoioe  the 
titude  in  is  83°  6,  and  the  (tiff  of  latitude  68S. 
Make  a  b  equal  to  683,  and  draw  b  c  parallel  to 
bd;  then  A  c  will  be  the  distance  tneasurii^  905. 


■  This  Cue  cunot  be  idred  by  Hlddl«  Latltade  SaiUiV- 

.    .-,  ..ooglc 


KBECATOft^S    SAIUNft.  10]^ 


BT  CALCULATION. 
Tvjimd  the  Mer.  D^.  tfLatitmde. 
M  ndnu  10.  00000 

I«todiff.ofloiig.  680  2, 

So  U  oo.  tang,  course  41°      10. 


Tanar.  diC  laL  782.3 


9'N.   Mer.pts.     2307 
Mer:m  ht.  783 


L>t.  in    23     6  N.   Her.  pbi. 

Diff.  lab  11  33 

60 

Mile*  683 


ToJtMdtlu  I 

As  CO.  sine  coarse  41° 9.87778 

Is  to  diff.  of  lititnde  683 2.83442 

Soundlu  10.00000 

13.83442 

9.87778 

To  the  distancse  905 2.96664 


EXAMPLES  FOR  EXERCISE. 

1.  Required  the  course  and  distance  &om  the  Cape  of  Good  Hope,  in 
Wtade  84P  ^S-  S.,  and  lonmtude  18°  24'  E.,  to  the  laUnd  of  8t  Helena, 
in  latitude  15°  5S'  S.,  and  longitude  5°  4S'  W. 

Answer.  By  Middle  LatitiSe  Sailing,  the  course  is  N.  4flP  61'  W.,  and 
^stance  1717  miles.* 
By  Mercator'8  Suling,  the  course  is  N.  49'40' W.,and  distance  1710  miles. 

2.  Required  the  bearing  and  distance  of  Pernambueo,  in  latitude  6°  4/  S., 
ud  kmgitude  S4°  5S'  W:,  from  Cape  Verd,  in  Utitude  14°  46'  N.,  and 
longitude  17=88' W. 

Anaver.  By  Middle  Latitude  Sailing,  the  course  or  beaiiug  £rom  Cape 
Verd  to  Ponambuco  is  S.  37°  12'  W.,  uid  the  distance  1719  miles. 
By  Mercator's Sailing,  thebearingis  S.37°1'W.,  and  diBtancel715 miles. 

3.  Beqnired  &e  course  and  distance  from  Cape  Sierra  Leone,  in  latitode 
9^  30-  N.,  and  longitude  1S°  18'  W.,  to  Cape  St  Ooqne,  in  latitude  fPSffS^ 
ttd  longitude  86°  17' W. 

Answer.  By  Mid^  Latitude  SuHng,  the  course  ia  S.  6GPH'  W.,  and  the 
(listtmce  1595  miles. 
By  Mercator's  Suling,  the  course  i8S.55°40' W.,ond  distanoe  1£9S  miles. 

4.  Required  the  course  and  distance  from  Cape  Pahnas,  in  latitude 
1°  W  N.,  and  longitude  7°  46*  W.,  to  St.  Paul  de  I-oando,  in  latitude 
ff*  «■  B.,  and  longitude  18»  8'  E. 

*  Utbatraa4iuddklatiBidflwa«iiB(ul  by tha  proportion  gJma  in  tha  note  M  the  bMUm 
"'WtilSfP  tff},  the  aiuwtc  wouU  be  the  wna  ai.  ihu  by  Heratcr'i  SaOi^ 
p2 

Cioogic 


IVO  UIICATOSI   ■AlLtUO. 

Aiuwar.  ByMiddkLatitodeSwfiiigjtbeeiKtnaiBS.fiT'U'E.,  uddw 
diMuue  1482  miles. 

By  Mercftta(*a  Sufing,  the  CDune  kS.  ST' 40' £.,  and  disubce  1481  nuke. 

6.  A  ihip  from  Udtude  29°  47'  R,  and  loneitude  »4P  36'  W.,  eaUM 
S.  8.  W.  ]  W.  S20  leagues :  required  her  present  latitude  and  longitude. 

Answer.  By  Middle  Ladtuae  Sailing,  oer  latitude  in  is  16^  4'  N.,  and 
lonniude in  ^S2'  W. 

By  Metcstor^s  Sailing,  her  latitude  in  is  16°  4'  N.,  and  longitude  m 
88P  33'  W. 

6.  Ashipfrom  latitude  9PS'  N.,  and  longitude  22°  SO'  W.,  suls  W.  S.  W. 
2S6  leagues :  required  her  present  latitude  and  longitude ;  also  her  course 
and  distance  to  St.  Ann's  Idand,  Maranham,  in  utitude  9P  15'  S^  lad 
longitude  4S°  SS*  W. 

Answer.  By  Middle  Latitude,  or  Mercator's  Sailing,  the  latitude  in  ii 
8°49'S.,longitude3^20'W.;  thecourse  toSt.  Ann'BfBlaBdN.8e°S0'W., 
or  W,  ^  N.  nearly,  and  distance  556. 9  miles. 

7.  A  ship  from  latitude  71°  20'  N.,  and  lon^tude  28°  lO  E.,  saSa  E.S.E. 
until  she  arrivei  in  the  parallel  of  70°  N. :  required  her  longitude  in,  widi 
her  direct  course  and  distance  to  Cape  Sweetnose,  in  latitude  68°  1 O*  N., 
and  longitude  40°S'  £. 

Answer.  By  Middle  Latitude  Sailii^i  the  lonritude  in  is  3T  5S'  E. ;  At 
course  to  Cape  Sweetnose  is  S.  22P  5^  E.  or  S.  S.  £.,  and  the  £stancx 
119. 4  miles. 

By  Mercator's  Saililu^  the  longitude  in  is  37°  54'  £.;  the  course  to  Cape 
Sweetnose  is  S.2aP 44' E.  or  S.  S.  E.,  and  the  distance  119- Smiles. 

8.  Suppose  a  ship  from  latitude  9°  10'  N.,  and  longitude  19^8%' W., 
suls  in  uie  South-east  quarter  till  she  has  made  415  miles  of  departmey 
and  is  by  observation  in  lat  2°  19*  S.:  required  her  course  steered,  ^-*»"it 
run,  and  lon^tude  in. 

Answer.  By  Middle  latitude,  or  Mercator''s  Suling,  her  courae  Metnd 
is  S.  31°  4'  E.,  distance  run  804.  2,  and  longitude  in  IKP  36'  W. 
'    &  A  ship  from  latitude  46°  35'  N.,  and  ton^tude  176°  42'  W^  «ib 
N.  W.  by  W.  j  W.  till  she  arrives  in  latitude  51°  18'  N. :  required  Ae 
distance  run,  and  lonmtude  in. 

Answer.  By  Midme  Latitude  Suling,  her  dtstance  run  is  OOO.  S  mika, 
and  longitude  in  169°  52'  E. 

By  Mercator's  Sailing,  her  distance  run  is  600.  S  miles,  and  longitude  in 
169P50E. 
1  10.  AshmfromTableBay  (Capeof  6oodHope),inlatitudeS3°£;ySi., 
and  lon^tude  19>  19*  E.,  suls  N.  W.  {  W.  till  she  arrives  in  latitude 
27°  82'  S. :  required  her  course  and  distance  to  St.  Helena,  in  latitude 
15°  55'  S.,  and  longitude  5°  45'  W. 

Answer.  By  Middle  Latitude  Sailing,  the  longitude  in  is  8P22'  E. ;  die 
course  to  St.  Helena  N.  48^  28'  W.,  and  distance  1051  miles. 
'     Sy  Mercator's  Sailimt,  the  longitude  in  is  ^^  22'  E. ;  the  courae  to 
St  Helena  N.  48°  24'  W.,  and  distance  1050  miles. 


):,GoogIc 


COMCOtrHD  COffUIS. 


OP  COMPOUND  COURSES. 

Tojhid  the  Di^renee  of  Longitude  made  good  upon  Con^Mund  Coartee, 

bjf  Middle  Latitude  and  Afercaior'e  Sailing. 

In  the  preceding  Cases,  both  of  Middle  Lxdtude  and  Mercator's  Suling, 
■we  have  always  supposed  the  ship  to  sail  on  a  direct  course ;  but  when  she 
makes  a  compound  course,  the  several  courses  are  to  be  reduced  to  a  dngle 
course,  as  in  Traverse  Sailing,  and  ^en  the  difference  of  longitude  may  be 
found  either  by  Middle  Latitude  or  Mercator's  Sulmg,  as  will  appear  by 
the  following 

ExAHpLK.  Suppose  a  (^p  ftom  latitude  5S°  36'  N.,  and  longttode 
21°45'W.,  sails  N.£.  36  miles;  N.  b.  W.  UmUea;  N.E.b.E.i£. 
B8  miles;  N.  b.  E.  42  miles;  and  E.  N.  E.  S9  miles :  required  her  present 
latitnde  and  longitude. 


Coono. 

IHiuno.. 

Diff^raKMofLu. 

I,.^         1 

N. 

8. 

E. 

w. 

N.E. 

N.  b.  W. 

N.  E.  b.  E.  1  E. 

N.  b.E. 

EN.  E. 

36 
14 
68 
43 
39 
Diir.ofLit. 

36.6 
13.7 
37.3 
41.3 
11.1 

Dq. 

36.6 

51.3 
83 
36.8 

'  2.7 

118.8 

"kl 

2.7 

10B.0 

The  difference  of  ladtude  118.8,  and  departure  109-  0,  rive  the  course 
N.  *a°  SW  E.,  and  distance  161.  S,  by  Case  VI.  of  Plane  Swlii^. 


Latitude  left      53°36'  N. 
Diff.Ut-Uft.OT    1  59  N. 

Latitude  in         S4  36  N. 

Sam  of  lata.  2)107  11 

Hid.  latitude     63  35 


Mer.  pta.      3724 


Mer.  pts.      8925 
Mer.dlff.1at.  201 


Longitnde  left     21°4fi'  W. 
DifiOfflig.  184,  or_3_4  £. 

Longitude  in        IB  41  W. 


Tojind  the  Difference  ^  Longitude. 


By  the  Middle  Latitude. 
A«  oo.  sine  mid.  lat.  63°  35'    ft  77353 
la  to  departure  lOQ  2. 03743 

So  it  radius  10. 00000 


12.03743 


To  Oe  diJF.  of  long.  183. 6     2. 26300 


£y  Mercator. 

AsGO.  une course ^33'  9.86740 

Is  to  mer.  diff.  lat  301  3. 30820 

So  it  sine  conne  4^  32'  9. 89996 


12. 13316 
0.86740 


To  Ote  diff.  of  long.  184.4     9:96678 
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110  eauroovo  couuva. 

BY  INBPSOnoN. 

The  CO.  mid  latitude  being  about  36i°,firet  look  for  SO' A8  a  course,  aad 
for  the  departure  109  in  one  of  the  dep.  columns,  agunst  the  nearest  to 
which  is  ]8()  in  a  diat.  column ;  then  look  for  the  departure  109  in  the  p^ 
with  97°  at  the  top,  opposite  which  stands  161  in  a  diet  column ;  the  nun 
of  this  and  1H6  is  S67,  the  half  of  which  is  183. 5,  the  difieroice  of  l«^ 
tude  by  Middle  Lat  Sailing :  or,  the  course  being  43^°,  look  in  the  jmwci 
with  *ap  and  13°  at  the  top  for  the  tner.  diS.  of  latitude  201  in  a  lu.  adnran, 
against  the  nearest  to  which  will  be  181.  S  and  187. 5  in  the  corzcqioodiiH 
dep.  columns ;  the  sum  of  these  is  368. 8,  half  o{  which  is  184. 4,  dte^ 
of  longitude  b;  Mercator's  Sailii^. 

The  above  method  is  that  generally  practised  at  sea  in  estimatii^  the 
difference  of  longitude  made  good  in  a  day  e  run,  b^ng  considered  sufficient^ 
exact  for  the  distance  sailed  by  a  ship  in  that  time ;  out  when  the  distanoei 
are  considerable,  especially  in  high  latitudes,  it  is  more  accurate  to  '-arimatr 
the  difference  of  longitude  made  upon  each  cotitse  and  distance,  according 
to  the  following  rules. 

L  Bi/  Middle  Latitude,  To  the  Traverse  Table  annex  a  Longitude 
Table,  divided  into  six  columns ;  the  first  is  to  contain  the  latitude  left, 
and  the  several  latitudes  the  ship  is  in  at  the  end  of  each  course  and  dia* 
tance,  estimated  by  the  latitudes  left,  and  difierenoes  of  latitude  in  the 
Traverse  Table ;  tne  second,  the  sums  of  each  foUomog  pair  of  latitudes  ; 
the  tfaml,  half  the  sums  of  middle  latitudes ;  the  fourth,  the  complemeius 
of  the  middle  latitude ;  and  the  fifth  and  sixth  columns  are  to  contain  the 
differences  of  loo^tude.  Having  found  the  co.  mid.  latitudes,  with  these 
and  their  correspmiding  d^tartures  in  the  Travnse  Table,  find  the  diKr- 
cnces  of  longitude,  and  [dace  them  in  the  east  or  west  colusmis,  acconfing 
to  the  name  of  the  departore ;  then  the  difference  of  tiie  sums  of  these 
columns  will  be  the  difirerenoe  of  longitude  made  good,  of  the  sane  namA 
with  the  greater. 

II.  Bjf  Mercator,  To  the  Traverse  TaUe  annex  a  Longitude  Table, 
consisting  of  five  columns ;  the  first  is  to  contain  the  latitude  left,  aod  the 
latitudes  of  the  ship  at  the  end  of  each  course  and  distance ;  the  second, 
the  meridional  parts  corresponding  to  each  latitude;  the  tiiird,  the  meri- 
dional differences  of  ladtuoe ;  and  the  fourth  and  fiflb,  the  difierencea  of 
longitude. 

Having  found  the  meridional  differences  of  latitude,  with  these  and  the 
courses  in  the  Traverse  Table,  find  the  corresponding  difierenoes  of  longi- 
tude, which  place  in  the  east  or  west  columns,  accormng  as  the  course  ia 
easterly  or  westerly ;  then  the  difference  between  the  sums  of  these  mliimw 
will  be  the  difference  of  longitude  made  good  upon  the  whole  Traverse,  cf 
the  same  name  with  the  greater. 

Note.  When  the  course  is  north  or  south,  there  is  no  inSSeKaoe  ut 
longitude ;  and  when  it  is  east  or  west,  the  difference  «f  loqgitucU  niNt 
be  tvaaAf  as  in  Case  II.  of  Parallel  Sailing. 
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ST  lilDDLS  LATITDDI  AMD  HBECATOK  8 

The  difleiences  of  longitude  nu^  be  found  by  anj  of  the  meUiods  ^en 
in  the  Sulings ;  but  in  the  foUovbg  Example  ve  hsve  used  Inspection  only. 

ESjVMPLE. 

A  dint  from  Hawcliff,  in  latitude  60^  9'  N^  and  longitude  1°  7' W., 
suled  as?ollows,«tx.N.E.  b.  N.  69  miles;  N.N.E.  48  mUes;  N.  b.  W.  ^  W. 
78  miles;  N.  E.  108  miles;  and  S.  E.  b.  £.  50  miles :  required  her  latitude 
and  longitude  in. 

BY  MIDDLE  LATITUDE. 


TBATBS8B  TABLB. 

LOHGITCDE  TABLE.                   1 

CWM*. 

Diff.t«t. 

Sum. 

Mid. 
IdU. 

Co.  Mid. 
Lata. 

Diff.Long.1 

N. 

8. 

E. 

W. 

B. 

W. 

N.N.E. 

N.b.W.«W. 

H.E. 
8.B.b.E. 

<8 

48 
78 
106 
M 

D-Ut. 

57.4 
44.4 

74. « 
7B.4 

87. 8 

88.3 
18.4 

79.4 
41.8 

33.6 

80°  V 

61  e 

61  SO 

es  E 

61  31 

tan 

1§1  l'5 
133  56 
194  S5 

197  96 

198  14 

(S>3& 
61  98 

68  97 

63  43 

64  7 

88  33 

97  83 

98  17 
35  53 

78 
38 

174 
SS 

49 

ssa.8 

37.8 

87.8 

174.7 

39.8 

1SS.1 

93. « 

LongitudB  left 1"  V  W. 

K^^tong.  886,  or   B  36  B. 

Longlnide  Id...  4  99  E. 

3BS 

49 

336 

49 

Cmih  N.  W  B.  *ttd  Distance  »78  milei. 

1 

B7HERCAT0B. 


TBATBB8B  TABLE. 

LONOITUn£  TABn-B.                   1 

Coone. 

Diff.I^t. 

D«F-rtdre. 

L>U. 

Mer. 

Mer. 
p.L>u. 

Diff.Lorm.    1 

N. 

B. 

£. 

W. 

E. 

W. 

H.B.h,N. 

N.  N.E. 

N,b.W.iW 

N.E. 

8.E.LE. 

69 
48 
78 

lee 

50 
D.l>t. 

57.4 
44.4 

74.6 
76.4 

97.8 

38.3 

18.4 

76.4 
41.6 

93.  S 

81    6 
61  60 

63  6 

64  91 
63  63 

4545 
4669 

4764 
4916 
50S8 
5093 

117 
98 
168 
179 
65 

78.3 
SS.3 

179.0 
97.3 

4B.1 
49.1 

159.8 
97.8 

ISS.0 

97.9'l74.7 
99.6 

1B9.1 

89.6 
Dep. 

Londtuds  left...  I"  VW. 
Diff!Wg.3a7,or  S  37  E. 

385. » 
49.1 

336.8 

Cootw  N.  84<>  E.  and  Diitun  278  milo. 

1 

The  longitude  of  the  ship,  according  to  the  first  method,  is  4^  17'  E.  by 
Middle  Latitude,  and  the  same  by  Mercator's  Suling,  differiiu  &om  the 
^nlStnd'lS  miles;  but  as  we  oaTe  already  observed,  it  is  seUomneces- 
ury  to  use  the  latter  methods  at  sea. 
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OBLIQUE   SAILING. 


OBLIQUE  SAILING  is  Ae  a-ppMcudoa  of  oUiqu&^nf^  plsw 
tiun^es  to  vinous  cases  st  seft ;  as  in  coastiiig  along  shores,  approacliiiig 
or  leaving  die  land,  surveying  coasts  or  harbours,  &c. 

In  this  kind  of  sailing,  totet  an  dijtot,  means  to  observe  what  ilimidi, 
or  pcnnt  of  the  compass,  is  directed  to  it ;  and  the  bearing  of  an  object  ii 
the  rhumb  on  vhich  it  is  wen ;  also  the  bearing  of  one  place  from  anodMr, 
is  reckoned  by  the  name  of  the  rhumb  pasnng  through  those  two  [daoes: 


hence  the  beanng  of  two  places  fii>m  each  other  are  upon  opposite  pdnts 
of  the  compass ;  thus,  if  one  phtce  bear  £.  N.  £.  from  another,  the  latnr 
will  bear  W.  S.  W,  &om  the  former,  bang  in  the  same  line,  but  ii 


A  great  varie^  of  Examples  mig^t  be  given  in  this  Sailing;  but  aa  thi; 
would  rather  tend  to  exercise  the  learner  in  Trigonometry  than  answa 
any  direct  purpose,  we  ehaU  sdect  those  only  that  ^pear  to  be  umAiI  in 
practice. 

EXAMPLE  I. 

Sailing  down  the  Channel,  I  observed  the  Eddystone  bear  N.  W.  b.  N. ; 
and  after  sailbg  W.  S.  W.  18  miles,  I  found  it  bore  from  me  N.  b.  £. : 
required  the  distance  of  the  ship  from  the  Eddystone  at  both  Btationa. 

BY  CONSTBUCTION. 

Describe  the  drde  N.  W.  S.  E.,  to 
represent  the  compass,  and  draw  the 
diameters  W.  E.  and  N.  S.  at  right  an- 
gles to  each  other ;  draw  theN.  W.b-N., 
W.  S.  W.,  and  N.  b.  E.  rhumb  lines.and 
tm  the  W.  S.  W.  line  lay  off  18  from 
A  to  B,  taken  from  any  scale  of  equal 
parts ;  through  b  draw  b  c  parallel  to  the 
N.  h.  E.  line,  meeting  the  N.  W.  b.  N. 
line  A  c  in  c ;  then  will  a  refnvsent  the 
place  of  the  ship  at  her  first  station, 
B  her  place  at  the  second  station,  and  c 
the  phtce  of  the  Eddystone ;  a  c  will  be 
the  ahip's  distance  from  the  Eddystone 
at  the  first  station,  measuring  91  miles, 
and  B  c  the  distance  at  the  second  sta- 
tion, measuring  %£  miles. 
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113 


BY  CALCULATION. 
In  the  triune  a  B  c  are  givea  the  side  a  b  18  miles,  the  angle  cab 
equal  to  Tpointa,  themessareof  thearch  eontuoed  between  the  N.W.b.N. 
and  the  W.  S.  W.  lines ;  the  anzle  a  b  c  equal  to  5  points,  the  interval 
between  the  N.  b.  E.  and  the  E.  N.  E.  line  (being  tne  oppodte  to  the 
W.  S.  W.  rhumb);  and  the  ai^le  b  c  a  equal  to  4  pointa,  the  interval 
between  tbeS.b.  W.  and  theS.  £.b.S<  lines;  to  find  the  sides  ac  aadac. 


Tojind  ike  Side  ao. 
Asnne  of  angle  c  4  poiats     9-  84949 
It  to  the  aide  A  B  18  1.25527 

So  it  ime  angle  b  5  points      9-  91985 


Tojnd  the  Side  »  c. 
As  sine  of  angle  c  4  points     9. 8^49 
Ib  to  the  side  a  b  18  1.  SS637 

So  is  sine  angle  a  7  pt^ta      9. 99157 

11.24684 
9.84949 


1.  32533     To  the  side  b  c  24. 97 


TetheaideAo21.17 

HencethedistaDceof  theEddystoaefiomthe  ship^s  first  station  is  SI.  17 
miles,  and  irom  the  second  station  S4. 97,  or  26  miles  nearly. 

EXAMPLE  II. 
Coasting  along  shore,  I  observed  two  Capes:  the  first  bore  N.  b.  £.,  and 
It  the  same  time  the  second  bore  N.  E.  j  £.  t  now,  by  the  Chart,  these 
Capesbearfrcnneachother  N.  W.  i  W.,  andS.  E.  ^  E.  (by  compass),  dis- 
tant 21  nulea :  required  my  distance  from  both  places  at  that  time. 

BV  CONSTEUCTION. 
Having  drawn  the  compase 
K.W.  S.E.,  the  centre  of  which  is 
lo  represent  the  ship's  place,  draw 
theN.b.E.and  N.E.J  E.  rhumb 
lines  A B  and  ac,  being  the  bear- 
ings of  the  Capes  trom  the  ship ; 
tiraw  likewise  the  N.  W.  i  W.  and 
5.  E.  1 E.  line,  the  bearing  of  tile 
Capes  from  each  other,  on  which 
from  A  to  D  lay  off  SI  miles, 
the  Stance  between  the  Capes ; 
throudi  D  draw  o  c  parallel  to  the  > 
N.b.  E.  line,  and  through  c  draw 
CI  narallel  to  the  N.  W.  i  W.  and 
S.  £.  )  £.  line;  then  b  will  repre- 
sent the  place  of  the  Gret  Cape,  c 

the  second  Cape,  ab  the  distwice  ,,  ^ 

of  the  fint  Cape,  from  the  ship, 

Duamring  81  niiles,  and  a  c  the  distance  of  the  second  Cape,  meacunng 
27  miles. 
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BY  CALCULATION. 
In  tfaebun^  ABCBregiventhe  an^  sac  SJ  points,  the  arch  betveea 
the  N.  b.  E.  and  N.E.  jETlineg;  the  angle  abc  fi^  points,  the  inteml 
between  the  S.  b.  W.  and  8.  £.  ^  E.  lines ;  and  the  angle  a  c  b  7  pointa, 
the  interral  between  the  N.  W.  i  W.  and  S.  W.  ]  W.  hnea;  and  the  ode 
B  c  SI  miles;  to  find  the  sides  a  b  and  a  c. 

Tojmd  the  Side  a  b. 
Am  sine  angle  a  3j  points  9. 
Istothesi^eBoSl  1. 

8o  is  sine  angle  c  7  points      9. 


IL  31379 
9.82708 


Tojindtht  Side  a  o. 
As  sine  ansJe  a  3j  points       9.  B2708 
latotbesileBcai  1. 32SS9 

So  is  sine  angle  b  5^  points    9.  9333S 

11.3S557 
9.82706 


48671     To  the  side  AC  26.  S 


To  the  side  A  b  30. 67 

Hence  the  distance  of  the  ship  from  the  first  Cape  is  SO.  67  milea,  and 
from  the  second  Cape  9.G.  6S,  or  Stt  miles  nearly. 

EXAMPLE  III. 

Being  cloee  in  irith  Dunseness,  I  ran  27  miles  on  a  direct  course  to  the  -waA- 
vard,a^  then  found  Beacny  Head  bear  N.N.W.;  now  the  bearing  of  Beadi^ 
Head  from  Dungenesa  (bv  compass)  ia  W.  |  N.,  And  the  distance  29  miles : 
required  the  course  steered,  and  the  distance  of  the  ship  from  Beacby  Head. 

BY  CONSTRUCTION. 
Describe  a  circle,  and  di- 
vide it  into  4  equal  parts  hy 
tbediametersN.S-andW.E., 
the  extremes  of  which  will 
represent  the  cardinal  points 
of  the  comp&BS;  and  the 
centre  of  the  circle  the  place 
the  ship  sailed  from  (Dunge- 
ness);  draw  the  W.^N.lme 
A  B  equal  to  29  miles,  then 
will  B  represent  the  phtce  of 
Beachy  Head :  through  r 
draw  B  c  parallel  to  the 
N.  N.  W.  line,  and  with  the  ^ 

distance  run,  S7  miles  in  the  compasses,  set  one  foot  in  a,  and  with  the  odier 
describe  an  arch  cutting  B  c  in  c,  and  draw  the  line  a  c  :  then  wiQ  c  represent 
the  ship's  place,  Bcthedistance  ctfthe  ship  from  BeachyHead,measatiiig  19 
mile6,and  the  angle  s  a  c  the  course  steered  from  ^e  south,  measuringSS^Sy. 

BY  CALCULATION. 
In  the  triangle  a  b  c  are  given  the  ude  a  b,  equal  to  29  miles  ;  the 
ride  A  c  27  miks;  and  the  angle  a  b  c  5}  pmnts,  the  interrat  between 
E.  {  S.  and  S.  S.  E. ;  to  find  the  an^e  b  a  c,  and  the  side  a  c. 


b7     yjjy. 
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To  find  the  Angle  bag. 
Ai  the  lide  A  0  37  1. 43136        Angle 

IitotiiiflofaiigleABO  SjpoiiitB    9.S6616  '      ' 

SoiitbeudttABaS  1.46240 


76° 
Angle  ABC  6}  pte.  w   64    • 


To  nae  <f  angle  B  o  A  70=' Q' * 


11.41856 
1.43136 

9.Q87S0 


140    50 
180    00 


To  find  the  Stdexc. 
A*  sine  of  Migle  ABC  S2  points...  9.95616 

IstotheudeAo27   1.43136 

So  iaune  (Wangle  BAG  99°  10'...  9.80043 


TothendeBoiaae    l.£ 


Now  the  bearing  of  A  B,  which  is  W.  ^  N.  orW.  S°49'N.,  aubtracted 
finm  the  an^  B  A  c  89^10',  gives  the  beuiiw  of  a  cW.S6°£]' S.;  hence 
the  course  steered  is  S.  53°  39'  W.  or  S.  W.  |  W.,  and  the  distance  of 
the  ship  from  Beachy  Head  is  18. 86,  or  19  miles  neariy. 

EXAMPLE  IV. 

At  noon    St  Alban's  Head  bore  N.  ^  E.,  and   Portland  Lights 

N.  W  W. ;  and  running  N.  W.,  at  the  rate  of  7  knots  «a  hour,  at  H  r.  h. 

St  Alban's  Head  bore  N.  72?  E.,  and  Portlaod  Lights  N.  9°  £. :  required 

the  beating  and  distance  of  Portland  Lights  from  St.  Alban's  Head. 

BY  CONSTRUCTION. 
Draw  tbe  compass  as  before,  and  let 
the  centre  a  represent  the  first  stadon, 
from  which  draw  the  first  bearing  a  c, 
N.  29°  E.,  and  the  second  bearing  ad, 
N.JMPW.i  also  draw  theN.  W.  line 
A  B  equal  to  14  miles,  the  distance  run 
in  i  ioan ;  then  will  b  represent  the 
wcond  station ;  dirough  b  draw  b  c 
parallel  to  N.  7S^  E.,  and  b  n  parallel 
toN.9°E.,  meeting  the  lines  Acand 
A  D  in  c  and  »,and  join  d  c  ;  then  will  c 
lOpreoeotSt  Alban's  Head,D  Portland 
Lights,and  c  d  thrar  distance,  measur- 
18. 99  miles,  the  bearing  of  which 
be  N-YiH"  W.,  ot  W.lf  W.  i  W. 

M  oHuidvad  obtuM,  or  103^  ftl',  ibe  ilde  ■  c  vould  ihiia 
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BY  CALCULATION. 


In  the  triangle  a  b  c  sk  given  the  ride  a  b  14  Diiles,  the  angle  a  c  b  coimI 
to  43°,  the  interval  between  S.  ^9F^  W.  and  S.  29^  W. ;  and  the  angle  a  ic 
equal  to  63°,  the  interval  between  N.  73°  £■,  or  E.  18°  N.  and  S.  £.,  or 
S.  E.  4£P  S. ;  to  find  the  side  a  c. 

Aa  sine  of  angle  AC  a  43° 9.83378 

Is  to  the  side  A  B  14  1.14613 

Soi>sineofBn{^eABc63^   9.94968 


11.09001 
9.83378 


To  the  ride  A  cl&  29   l.S 


Id  the  triande  abd  are  given  the  ride  ab  14  milee,  the  angle  a  db 
equal  to  29°,  the  interval  between  S.SO°E.  and  S.9°W. ;  the  angle  abd 
equal  to  ISfr*,  the  interval  between  N.  9°  E.,  or  E.  81°  N.,  and  S.  E.  ot 
S.  45°  E. ;  to  find  the  ride  a  o. 

AarineofanKleAOB20° 9.68557 

Is  to  the  ride  A  B  Um 1.14613 

Soisrineof  angle  abd  120°    9.90796 

11.05409 
9.68567 

To  the  ride  A  D2a  36  1.36863 


In  the  triangle  a  c  d  are  g^ven  the  ride  a  c  18.  S9 ;  the  ride  a  d  23. 36; 

and  the  included  angle  cad  equal  to  49°,  the  interval  between  N.  99°  E. 
and  N.  90°  W. ;  to  nnd  the  angle  a  c  d,  and  the  side  c  d. 

Tojind  tie  single  a  c  d. 

Side  A  D      23. 36                    As  sum  of  the  rides  A  o,  a  d,  41 .  65  1. 61902 

Side  A  c       18. 29                      Is  to  their  difference  6. 07  0. 70601 

8..          ]r»                    *'i"3e.1't?cx'"°}»°*.  1084130 

DifflBfence     5.07  11.04631 

180°  i.iiuaa 

Ai^;lecAD       49  ■■■    ■ 

To  tang,  of  half  their  diff.    14  57  9.13600 

Snm  of  ADC  &  DCA  131  -■     ■ 

Half  6530'     Sum  gives  the  angle  a  o  d    80  37 
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Tojnd  the  Side  C  d. 

As  sine  of  nnde  A c D  8(P 27'  9.99394 

Ib  to  the  Bide  A  D  23. 36    1.36847 

Sow  sine  ofan^  CAD  49° 9.87778 

11.24625 
9.99394 

To  the  side  OK  17- 88   1.36231 


Not  tbe  angle  a  c  d  80°  27'  added  to  99°,  the  bearing  of  a  o  from  the 
wnlh,  gives  the  bearing  of  c  d,  S.  109°  27'  W,,  which,  subtracted  from 
180°,  leaves  the  bearing  N.  70^  3S'  W.  or  W.  N.  W.  i  W.  nearly :  hence 
the  bearing  of  Portland  Lights  from  St.  Alban's  Head  is  W.  N.  W.  i  W. 
(by  compass],  and  the  distance  18  miles  nearly. 

Note.  In  this  manner  the  mutual  bearings  and  distances  of  any  num- 
ber of  points  may  be  ascertained ;  but  in  practice  it  is  more  expeditious, 
and  in  general  sufficiently  exact,  to  construct  the  figure  on  a  proper  scale, 
ud  then  measure  off  the  several  parts. 

EXAMPLE  V. 

Coastiiig  along  shore,  I  struck  upon  a  shoal,  and  wanting  to  ascertmn 
its  situation  exactly,  I  took  angles  vith  my  sextant,  subtended  by  three 
objects  on  shore,  as  a,  b,  and  c,  whose  relative  porations  were  as  follow : 
the  distance  from  a  to  B  was  10  miles,  from  b  to  c  6  miles,  and  the  an^e 
ABC  150° ;  DOW  the  iinde,  measured  at  the  ship,  between  a  and  b,  was  24P, 
snd  between  fi  and  c  1^ :  required  the  distance  of  n,  the  ship's  place,  &om 
each  object. 

BY  CONSTEDCTION. 

Draw  the  line  as,  _  ,  ^ 

snd  make  it  eaual  to 
10;  at  B  make  the 
angle  ABC  150°,and 
draw  the  line  b  c 
equal  to  6. 

Bisect  the  line  a  b 
(Problem  I. Geom.), 
and  draw  the  line  K  F, 
which  will  be  perpen- 
dicular to  A  B ;  make 
the  angles  fab  and 
F  B  A  each  equal  to 
6e=(thecompleroent 
of  Uie  ^ven  angle 
ADB  24P),anddrawtbeIineBAF,BF,  meeting  at  p;  then,  the  triangles  akf 
andsKF  bcbg right-angled  at  k,  the  angles  a  fk  and  b  f  k  will  be  each 
equal  to  24'^,  and  the  angle  a  f  b  at  k  48^,  or  double  the  given  angle  a  d  b. 
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In  like  manner  buect  the  line  b  c,  and  dnw  the  line  l  g  ;  make  the 
an^es  o  b  c  and  g  c  b  each  equal  to  74P  (the  complement  of  the  nven  an^ 
B D c  IG^t  and  draw  the  tines  bo,  c o,  meeting  at  g  ;  them  will  the  ai^ 
B  G  c  be  SUF,  or  double  the  angle  b  n  c 

With  the  radius  a  f,  or  b  p,  from  r,  draw  an  arch  at  d. 

With  the  radius  g  b,  or  o  c,  from  6  draw  an  aich,  cutting  the  fbnner  coe 
at  the  point  D,*  which  will  be  the  ship's  phue. 

Draw  the  lines  c  d,  b  d,  and  a  u,  which  will  be  the  dJBtances  required; 
that  is  c  D  win  measure  IS.  17,  b  o  18. 88,  and  a  c  23. 66,  Ae  aa^  a  d  ■ 
measuring  HV,  and  the  an^^e  b  o  c  IGP.f 

Draw  the  lines  f  o,  f  d,  and  o  ». 

BT  CALCULATION. 

In  the  isoceles  trisju^  a  f  b  are  given  the  side  a  b  10,  the  an^ea  a  f  i 
49>,  andFAB66°,  tofliid  the  side  fb  12.  39,  equal  to  the  ndes  fa  or  fd. 

Or,  in  the  right-angled  triangle  b  k  f  are  ^ven  the  side  b  z  5  (die  hdf 
of  A  b),  and  the  angle  bfx  24°,  to  find  the  side  bf  12.  SO,  equal  to  the 
sides  F  A  or  F  D. 

In  the  isocdes  triangle  b  o  c  are  given  the  side  b  c  6,  the  ui^ea  e  bc  74o, 
and  B  o  c  S!i°,  to  find  the  side  o  b  10. 88,  equal  to  the  sides  o  c  or  «  n. 

Or,  in  the  right-angled  triangle  b  L  G  are  given  the  side  b  l  S  (the  h^ 
of  B  c),  and  the  angle  b  o  l  1&>,  to  find  the  ode  a  b  10. 88,  eqad  to  tlie 
■ides  G  c  or  a  D. 

The  angle  a  b  p  66^,  added  to  the  angle  g  b  c  74°,  and  their  sum  1 10°, 
subtracted  fiom  the  angle  a  b  c  150^,  ue  remainder  will  be  the  an^ 
F  B  o  10°. 

In  the  trian^e  f  a  g  are  g^ven  the  side  f  b  IS.  29,  the  side  g  b  lO.  88, 
and  the  angle  fbg  10^,  tofind  theanglesa  P650°11',  ands  gf  119° lO*. 

The  triai^^  fbg  and  fog  are  identical,  that  is,  mutually  equal  in 
all  their  parts ;  the  dde  f  b  being  equi^  to  the  side  f  d  19. 29,  a  8  to  a  d 
10-  88,  and  f  6  common  to  both  tnan^es ;  therefore,  the  angle  b  f  g  is 
equal  to  the  angle  o  f  d  50°  11',  f  g  b  to  f  g  d  119^  49',  and  f  b  g  to 
F  D  o  10°. 

The  angle  bfo  50°11',  added  to  the  angle  gfd  S0°11',  thdr  sum 
will  be  the  an^e  b  p  d  100°  22'. 

■  When  tha  uohei  at  d  faMnect  Mch  other  at  rtty  ■cote  anglet  (u  in  Out  pr^vnt 
•xwnple),  it  will  b*  diSculc  lo  dMermioa  exactly  the  point  of  IntenactioD  ;  the  poiot  o  may 
In  ludi  caie  be  found,  independent  of  the  archee,  m  fudlowi  i — From  b  1m  Ul  ■  porpendicolu' 
on  F  o,  produced  if  neoeuary,  and  drav  the  line  B  D  of  an  indefinite  length  ;  thui  prodnoi 
A*  linea  ■  f  and  ■  s  lo  twice  their  length*  i  thnngh  the  eodi  of  then  llnea  di«w  s  thw 
meeting  the  line  a  d,  and  it  will  ioteneot  it  M  the  point  D. 

t  In  Euclid,  Booii  III.,  FroD.  XX.,  it  ii  dsmonMnted  that  "  the  angle  at  theoentreoT 
a  drole  ii  douUe  tbe  angle  at  the  drcoinferaDo*  upon  the  aune  bMe,  that  ii,  npoQ  the  aaoM 
part  of  the  circumference  :"  therefore,  tbe  angle  a  o  ■  ii  half  the  angle  AF  B,  and  theaa^ 
■  D  c  U  half  the  angle  b  c  c. 
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la  the  iMceles  trian^  s  f  d,  the  ancle  b  f  d  100^  2S',  subtnctad  fiom 
180^  (the  sum  of  the  three  angles),  wUl  ffve  the  temamder  79^  38',  ths 
balfofvhich,  soils',  vill  be  £e  an^  f b  uor  fdb. 

In  the  isoceles  triangle  b  f  o  are  giveii  the  ndes  F  b  and  F  n  IS.  S9,  the 
uigleBFDl00°2S',  and  the  angle  F  B  D  or  fob  99°  49'.  to  find  the  nde 

BDl&SS. 

TheangleFBD39°49',addedtotheaQ{^BBA6G^,  theii  sum  willbe 
the  angle  a  b  n  10£P  49'- 

In  the  triangle  a  b  d  are  fnven  the  side  a  b  10,  the  angle  a  b  d  IOB'  49', 
ud  the  angle  a  d  b  S4^  to  find  the  aide  a  d  ^.  66. 

The  angle  a  b  s  10£^  49',  subtracted  from  the  angle  a  B  c  150°,  the 
remaioder  will  be  the  angle  c  bd  M'^ll'. 

In  the  triangle  b  d  c  are  flven  the  side  b  c  6,  the  an^  c  d  b  16°,  and  the 
angle  c  b  d  44°  11',  to  find  uie  side  c  d  15. 17. 

Hence  the  distance  of  the  ship  at  o  from  a  ia  SS.  66  mfles,  fivm  b  18.88 
miles,  and  from  c  15- 17  miles. 

Note.  The  learner  is  left  to  work  the  proportions  by  the  Rules  in 
Trigonometry,  the  answers  to  which  are  given  above;  but,  as  observed  in 
the  last  example,  it  will  in  general  be  sufficiently  exact  to  cooBtmct  the 
figure,  and  measure  off  the  distances  required. 

In  this  manner  rocks,  buoys,  shoals,  or  soundings  may  be  accurately  laid 
down  on  adjacent  coasts,  when  the  relative  positions  of  three  stations  on 
shore  are  ascertained. 

EXAMPLES  FOR  EXERCISE. 

1.  Running  down  Channel,  and  wanting  to  take  my  departure  from  the 
Licard,  at  ^a.  p.  h.  I  observed  it  b^r  from  me  N.  b.  W. ;  and  after 
sailing  W.  b.  N.  i  N.,  at  the  rate  of  8  knots  per  honr,  atSh.  80  m.  p.m. 
it  bore  from  me  N.  N.  K.  ^  £. :  required  my  distance  from  the  Lizard  at 
the  time  of  taking  the  second  bearing. 

Answer.  The  distance  17. 1  miles. 

2.  Entering  the  River  Thames  by  night,  I  obaerved  Orfordness  L^ts 
bear  from  me  N.  b.  E.  J  E.,  and  the  Sunk  Light  W.  i  S.,  the  former 
bearing  from  the  latter  X.  E.  b.  N.  i  E„  distant  18  miles :  required  my 
distance  from  each  of  the  Lights. 

Answer.  Distance  from  Orfordness  Lights  14. 54  miles,  and  from  the 
Sunk  Light  7- 198  miles. 

3.  B«ng  off  the  Burlings  (on  the  Coast  of  Portugal),  I  ran  S4  miles  on 
a  direct  course  between  the  south  and  west,  and  then  observed  the  Rock  of 
Lisbon  bearingfrom  me  S.  by  E.  ^  E.,  the  Rock  bearing  from  the  Burlings 
S.  b.  W.  3  W.  (by  compass),  and  their  distance  being  43  miles:  required 
the  course  steered,  and  my  distance  from  the  Rock. 

Answer.  The  sMp's  course  was  S.  32°  W,  or  S.  S.  W.  j  W.  nearly, 
and  my  distance  from  the  Rock  IS.  17  miles. 
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4.  Sailiiu;  betwem  two  rnitSi  iBlande,  I  observed  die  first  bear  from  ne 
S.  W.  b.  W.  i  W.,  and  the  second  E.  S.  E. ;  after  nnming  S.  b.  W.  i  W. 
15  miles,  the  first  bore  from  me  N.  W.  b.  W.,  and  the  second  E.  (  N. : 
required  the  bearings,  and  distance  between  the  Jdands. 

Answer.  The  first  island  bore  from  the  second  N.  S4P  98/  W.,  ^ 
second  from  the  first  S.  Sl"^  88'  E.,  and  their  distance  was  42.  49  miles. 

5.  Two  slups,  A  and  a,  sut  from  the  same  port  c ;  a  sails  N.  £.  b.  N. 
84  miles,  and  b  sails  S.  £.  76  miles :  required  their  bearaiga,  md  -liTtiif 
from  each  other. 

Answer.  Bearing  of  a  from  s  N.  3°  16i'  W.,  of  s  from  aS.9P  IB^'R, 
and  their  distance  193.  8  miles. 

6.  B«ng  ofFthe  Coast  of  South  America,  in  latitude  47^4'  80"  S.,  and 
longitude  65°  36'  W.,  I  found  the  (true)  bearing  of  Cape  Blsnco  to  be 
W.  20°  S.,  and  after  running  S.  12°  SO'  W.  S2  miles,  the  Cape  bene 
N.  $4P  W. :  required  the  latitude  and  longitude  of  the  Cape. 

Answer.  The  latitude  of  Cape  Blanco  is  47^  1  %'  48 '  S.,  and  IflBgitsde 

7.  Wanting  to  know  the  distance  of  a  ship  at  anchor  from  tbe  shofe, 
I  chose  two  Btadona,  a  and  b,  that  were  distant  from  each  other  2.  5  miles. 
From  the  station  at  a,  I  took  with  a  sextant  the  angle  subtended  by  the 
station  at  b  and  the  ship,  and  found  it  to  be  64°  15';  then  from  the  station 
at  B,  I  found  the  angle  between  the  station  a  and  the  ship,  73°  55' :  required 
the  distance  of  the  ship  firom  both  stations. 

Answer.  The  distance  of  the  ship  frtim  the  station  at  a  was  3.  60S,  and 
from  the  station  at  b,  3. 376  miles. 

8.  Sfuling  along  a  coast,  I  observed  two  objects,  a  church  and  a  miS, 
in  one,  the  church  being  the  nearer  object ;  and  at  the  same  time  I  measured 
the  angle  subtended  at  the  ship  by  the  church  and  a  tower  on  tbe  coast, 
and  found  it  to  be  S?'  36* ;  now,  by  a  chart,  the  distance  fiani  the  church 
to  the  tower  was  1.  5  mile,  from  the  churdi  to  tbe  mill .  75  of  a  mil^  «ad 
from  the  mill  to  the  tower  1. 9  mile  :  required  the  distance  of  the  ship  finna 
the  church  and  the  tower. 

Answer.  The  distance  of  tbe  ship  from  the  church  was  S.  459  miles, 
and  from  the  tower  3.  £46  miles. 

9.  From  Winterton  Li^thousc  to  Haaborough  High  Li^thouae  ifae 
bearing  and  distance  are  N.  41°  40'  W,  8. 54  miles,  and  6«m  the  latter  to 
Cromer  Lighthouse  N.  51°  6'  W.  9. 64  miles ;  fWmi  Ha^Mrougfa  Lig^ 
Teasel,  the  angle  between  Winterton  and  Hasborough  LJ^tbooses,  mea- 
sured by  a  sextant,  was  SSP  35',  and  between  the  latter  and  Cromer  Li^ 
59°  8':  required  the  bearings  and  distances  from  the  hght-vsssel  to  die 
three  above-mentioned  lighthouses. 

Answer.  From  Hasborough  Light-vessel  to  Cromer  Li^thooae  tfat 
bearing  and  distance  are  S.  70^  7  W.  10.4S  miles ;  from  the  same  to  Has- 
borou^  Lighthouse,  S.  16°  59'  W.  8.  943  miles ;  and  from  tbe  same  ts 
Winterton  Lighthouse,  S.  1 1°  36'  E.  15.  S4  miles. 

Note.  The  above  is  worked  similar  to  Example  V,,  page  117. 
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CURRENT   SAILING. 


CURRENT  SAILING  is  the  method  of  detennining  the  true  course 
ud  distance  of  s  ship,  when  her  oim  motion  is  afiected  mi  combined  with 
thu  of  a  cnneot. 

A  Cdkxxnt  is  «  progtesrave  motion  of  the  water,  cuinng  all  flosliiig  bodin 
to  noTe  that  way  towvds  which  the  stream  b  directed.  The  setting  of  a 
earrent  is  that  point  of  the  compass  towards  which  the  water  runs ;  and  its 
tfn^ii  the  rate  at  which  it  runs  per  hour,  or  in  any  other  given  time. 

The  most  usnal  method  of  ascertaining  the  set  and  drift  of  an  unknown 
cunentis  totakeaboat,  in  calm  weather,  a  small  distance  &om  theahip,aDd, 
beiiiff  pionded  with  a  half-minute  gla8«,a1(^,a  heavy  iron  pot, or  Mme  neavy 
piece  of  metal,  and  a  small  boat-compass,  to  let  down  the  pot,  or  weight,  l^ 
a  nne  fastened  to  the  boat^s  stem,  to  the  depth  of  about  100  fiuhmns,  of 
whicfa  the  boat  will  remain  nearly  as  steady  as  at  aach<ff ;  then  the  log 
bong  hove,  its  bearing  will  be  tne  setting  of  the  current,  and  the  aomba: 
of  knots  run  out  in  half^m'mute  will  be  its  drift  per  hour. 

The  current  being  known,  it  remains  to  apply  its  effects  on  a  ship^s  way, 
vhlch  will  depend  on  the  direction  and  velocity  of  both,  with  r^ard  to  each 
other.  If  a  ship  sail  in  the  direction  of  the  current,  it  is  evident  that  the 
velod^  of  the  current  must  be  added  to  that  of  the  vessel ;  if  her  course 
be  directly  against  the  current,  their  difference  will  be  the  ship's  true 
vdodty ;  but  if  a  ship's  course  be  oblique  to  the  current,  her  direction  \ry 
the  compass  will  be  compounded  with  that  of  the  current ;  that  is,  she  wiU 
proceed  in  the  diagonal  of  the  parallelogram  formed  according  to  the  two 
lines  of  direction,  and  will  describe,  or  pass  over,  that  diagonal  in  the  same 
time  in  which  she  would  have  described  dther  of  the  sides  by  the  separate 
vdocities.  For  let  abco  be  a  jiarallelogram,  the  diagonal  chT  which  is  au. 
Now  if  the  wind  alone  would  drive  the  ship 
from  A  to  B,  in  the  same  dme  the  current 
alone  would  drive  it  from  a  to  c,  then  as  the 
wind  neither  helps  nor  hinders  the  ship  firom 
coming  towards  the  line  c  d,  the  current  will 
bring  It  there  in  the  same  rime  as  if  the  wind 
did  not  act ;  and  as  the  current  neither  helps 
nor  hinders  the  shm  &om  coming  towards  vtvD 
trina  will  bring  it  there  in  the 


hoe  B  D,  the  v 

same  time  as  if  the  current  did  not  acL 

Therefore,  the  diip  must,  at  the  end  of  that 

time,  be  found  in  both  those  lines,  that  is,  in 

their  meeting  n:   consequently,   the  ^n 

must  have  passed  from  a  to  u  is  the  diagonal 

line  A  t>.     Hence  the  ship's  true  distance 

will  be  the  third  nde  of  a  triangle,  wherectf  the  other  sides  are  the  distance 

by  the  log  and  the  drift  of  the  current,  and  the  true  course  wffl  be  the 

angle  between  that  third  side  and  the  meridian. 
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EXAMPLE  I. 

A  drip  Bab  N.  W.  60  milea,  in  s  current  that  sets  S.  S.  W.  85  n 
dw  tame  tune :  reqimed  ber  courw  md  distance  made  good. 

BY  CONSTRUCTION. 


i  compass, 
the  North 


Having  drawn  the  compi 
set  «ff  4  poiata  ftora  the  No 
tDvaida  the  West,  and  draw  the 
N.  W.  line  a  a,  whicii  make 
equal  to  60  miles,  the  distance 
lonl^  ihehtgi  through  B draw 
B  c  pandld  to  the  S.  S.  W.  and 
N.  N.  E.  line,  and  eijual  to  20 
miles,  the  set  and  dnft  of  the 
ciment :  now  a  c  being  j<Hned, 
will  be  the  true  distance,  mea- 
Boriag  fi5. 48  "'Im,  «^^'^  the 
ande  n  a  c  the  true  course 
N.69«86'W. 

BT  CAIfULATION. 

In  die  triangle  a  b  c  are  ^ven  the  side  a  b  60,  die  nde  b  c  25,  and  tbt 
included  angle  a  b  c  6  points,  or  ST*  SO*,  to  find  the  angle  b  a  c  and  tk 
side  AC. 

Tojind  the  An^  n  a  o. 

8ideAB...60  As  the  mm  of  a  b,  b  o  8S    1.9990   | 

SideB0...36  Is  to  their  difference  35    1.54407 


So  is  tang,  of  half  the  sum  ^ 
of  angles  A  and  o  /' 


Difference  35 

180°  00* 
Angles 67  90 


66°  16' io.i7sn 


11.71M 

i.saBii 


Totang.of  half  the  diff.  ...  31  30 

Diffl^ve*  angle  B  AC 24  36 

AngleNAB 45    0 

8am  (^Tes  the  angle  N  A  o    09  36 

TofatdiheSiie^a. 

As  sine  Wangle  A  340 36' 0.61039 

Is  to  the  nd«  BO  36m 1.30704 

So  ia  line  of  angle  ■67>  30' 0.06503 

11.36356 
0.619S9 

To  the  side  A  0  65.48 1.74417 
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Hence  the  course  made  good,  M  A  c, »  N.  69"  86*  W.  or  W.  N.  W.  i  W. 

nearly,  tnA  the  distance  ac55  miles  and  a  half. 

But  the  most  usual,  aod  the  easiest  war  of  allowing  tor  tfae  e^cts  <rf  a 
cunent,  is  to  consider  the  setting  and  drift  as  a  course  and  distance,  and 
enter  it  accordingly  in  a  TraTerse  Table ;  Aen  the  whole  difference  of  lati- 
tude and  departure  will  give  the  true  course  and  iSstance.  By  this  method 
tlie  preceding  example  is  thus  worited : 


Coano. 

Dfatanw 

N. 

8. 

E. 

w. 

N.W. 
8.S.W. 
(Current.) 

60 

as 

DiffofLnt. 

49.4 
23.1 

33.1 

D«p. 

49.4 
9.6 

19.3 

S9.0 

The  diflerence  of  latitude  a  n  19-  3,  and  the  departure  c  n  52,  give  the 
conneDAC,  N.  69^  88' W.,  and  the  distance  A  c  55. 46,  by  Case  VI.  in 
Plane  Sailing. 

EXAMPLE  II. 

Suppose  a  ship  in  24  hours  sail  as  follows :  S.  W.  40  miles,  W  S.  W. 
97  mDes,  and  S.  oy  E.  47  miles,  beina  all  diat  time  in  a  current  setting 
S.  £.  b.  S.,  at  the  rate  of  1^  mile  per  hour :  required  her  direct  course,  and 
distance  made  good. 


BY  CONSTRUCTION. 

Draw  the  compass,  and  lay  off  die  sere- 
nl  courses  and  distances,  as  in  Traverse 
SaOjng;  then  wiD  n  represent  the  place 
of  the  ship  by  the  log :  from  d  draw  n  c 
parallel  to  the  S.  E.  by  S.  line,  and  equal 
to  S6  miles,  for  the  setting  and  drift  of  the 
cnrrent  in  84  hours ;  then  wiD  c  be  the 
ship's  true  place,  the  an^  b  a  c  the  true  j-\ 
course,  measoring  11°  BO",  a  c  the  <Ma-  * 
tance  117,  a  b  the  difference  of  latitude 
1 14. 6,  and  s  c  the  departure  24  miles. 
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BY  CALCDLATION. 


With  the  aerenl  couiaes  and  diatancea  h^  the  log,  the  direct  conne  d  a  i 
and  Stance  a  o  may  be  found;  then,  in  the  trian^  a  o  c  will  bt 
given  the  sn^  a  s  u,  and  the  ndea  a  n,  d  c,  to  find  the  an^  d  a  c,  t hidi 
subtracted  book  dab,  will  give  the  true  course  b  a  c,  and  the  ode  a  c  tiit 
true  distance.  But  the  bdIuQod  of  this  triangle  we  shall  leave  to  the  leans, 
and  work  the  question,  bj  allowing  for  the  set  and  drift  of  the  current  b 
the  TraTcrse  Table. 


CoonM. 

Dfiunis. 

DiSBrsDra  of  Lst. 

Dfliwtan.       1 

N. 

& 

B. 

w. 

aw. 
w.  s.  w. 

8.  b.  B. 

aE.b.s. 

(Corrent.) 

40 
27 

Dir.  kl. 

aas 

10.3 
46.1 
29.9 

9.  a 

20.0 

2a3 

34.9 

114.6 

29.3 

29.3 

34.6 

The  difibrence  of  latitude  a  b  114. 6,  and  the  departure  b  c  24. 0,  giw 
the  true  course  ca  b  S.  11°  SO'  W.,  or  S.  b.  W.,  and  the  distance  ic 
117- 1  miles,  by  Case  VI.  in  Plane  Sailing.' 

EXAMPLE  III. 

A  ship  sailing  in  a  current  has,  by  her  Recltontng,  run  S.  b.  E.  H  aSts; 
but  bj  Observadons,  finds  she  has  made  55  miles  <n  southing,  and  IS  nSe> 
of  westing:  required  the  set  and  drift  of  the  current. 

BY  CONSTRUCTION. 

Having  drawn  the  compass,  set  off  1  point 
from  the  Souih  towards  the  East,  and  draw 
the  S.  b.  £.  line  a  c,  which  make  equal  to 
4S  miles;  through  c  draw  the  line  c  b 
parallel  to  the  East  and  West,  then  will  a  b 
be  the  difference  of  latitude  41. 19,  and  b  c 
the  departure  S.  19,  made  by  the  log. 

From  a  to  a  Uy  off  55,  the  diff.  (tf  lat.  br 
Observation,  and  through  g  drawa  line  paral- 
lel to  the  East  and  West ;  from  g  towards  f 
lay  off  18,  the  true  departure,  and  draw  the 
line  c  F.  From  c  draw  a  line  parallel  to  a  a, 
meeting  the  line  f  o  produced,  in  d  :  then 
the  an^  f  c  d  will  be  the  setting  of  the  cur- 
rent, measuring  S.  GZ'  12' W.;  and  the  side 
c  F  the  drift,  S§.  59  miles. 


CUHKENT  SAJLINtl. 


BY  CALCULATION. 


In  the  ttisngle  ab  care  given  the  coniseSAC  1  pwit,  and  the  dietatice 
AC  4t  miles,  to  find  the  dil^vnce  of  latitude  ab  41.  19>  wd  the  departure 

■caia 

Subtract  ab  41. 19  S.,  the  diflerence  of  latitude  b;  the  I(^,  from  a  a 
65  S.,  Uie  diflerence  of  latitude  by  observation ;  and  the  remainder  b  e 
]8. 81  will  be  what  the  diip  is  to  the  southward  of  her  reckoning. 

To  the  departure  bc  (equal  to  on)  8. 19  E-i  add  the  departure  FO 
18  W.,  and  the  sum  f  n  m  19  will  be  what  the  ship  is  to  the  westward 
of  ber  account. 

TbecUfierence  ofladtude  cd  (equal  to  ao)  13. 81,  and  the  departure  sf 
96>  19,  pve  the  aiwle  or  course  S.  o9P  IS'  W.,  and  the  side  c  f,  or  distance 
SS-  59,  lOT  the  settmg  and  diift  of  the  current 

EXAMPLES  FOE  EXEEaSE. 

1.  A  ship  sails  b^  her  log  N-  W.  b.  N.  ^ft  miles,  in  a  current  that  sets 
W.  N.  W.  S6  miles  m  the  same  time :  required  her  course  and  distance, 
comded  for  the  eflect  of  the  cunrent. 

Answer.  The  course  made  good  is  N.  44P  61'  W.,  or  N.  W.  nearly,  and 
distance  104  miles. 

S.  A  riiip  fluls  E.  b.  N.  7. 6  knots  an  hour,  in  a  current  setting  9.  W. 
4  knots  an  hour:  what  will  be  her  course  and  distance  made  good  in 
^hours? 

Answer.  The  course  will  be  S.  7S°  IS'  R,  or  E.  S.  E.  j  E.  nearly,  and 
the  distance  113.  5  miles. 

8.  A  ship  saihng  at  the  rate  of  9  knots  an  hour,  and  wanting  to  double  a 
Cspe  bearing  ftom  ner  N.  W.  b.  W.,  finds  she  is  in  a  current  setdng  S.  S.  W. 
S^  miles  an  hour :  what  course  must  she  steer  to  counteract  the  effect  of 
the  current  'f 

Answer.  The  course  she  must  steer  for  the  Cape  is  N.  36°  43'  W.,  or 
N.W.  J  N.  nearly. 

4.  A  ship  stuling  by  her  1(^  9  miles  an  hour,  ia  bound  to  a  port  which  lies 
N.  W.  b.  X.  &om  her,  distant  56  miles,  and  finds  she  is  in  a  current  setbng 
N.  K  j  N.  S  miles  an  hour :  what  course  must  she  steer  in  the  current, 
and  distance  make  good,  and  how  long  will  it  take  hei,  to  arrive  at  her 
port? 

Answer.  The  course  to  be  steered  is  N.  63°12' W.,  or  N.  W.  }W.; 
the  distance  to  run  53. 64  miles,  and  the  time  it  will  take,  nearly  6  hours. 

5.  A  ship  bound  &om  Bombay  to  England,  being  on  the  edge  of  the 
Bank  of  Agulhaa  on  April  SI  st,  at  noon,  was,  by  Observation,  in  latitude 
35^  3'  S.,  and  in  longitude,  by  Chronometer,  S^*  SS'  E. ;  on  the  22d,  the 
latitude,  by  Observation  at  noon,  was  36°1S'S.,  and  the  longitude,  by  ChrO' 
oometer,  S5°5'  £.;  having  s4iled  by  her  Beckoning  N.  81°  W,  39  miles : 
required  the  set  and  drift  of  the  currenL 

Answer.  The  current  set  S.  71°  49'  W.,  or  W.  18^  11'  8.,  and  iu  drift 
in  24  hours  was  51. 57  miles,  being  at  the  rate  of  2.  Ifiperhonr; 
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DESCRIPTION  AND  USE  OF  CHARTS. 


CHARTS  ue  msrine  Maps,  representing  the  wbole  or  part  of  the  nn&ee 
of  the  vater,  and  adjouiiiiK  couta ;  and  exhibiting  isles,  rocks,  sboalB,  hvAa, 
depths  of  water,  rhumb-hnes,  and  whatever  other  particuUrs  may  serve  ta 
direct  the  mariner  on  his  TOyaffe,  or  point  out  the  dang^s  to  be  STtnded : 
tbey  arc  principally  of  two  lands,  Plane  and  Mereator'a. 

OF  PLANE  CHABTS. 
A  Plane  Chart  is  constructed  on  the  suppodtion  that  the  sui&ce  of  iIk 
earth  is  an  extended  plane,  the  meridians  all  parallel  strut  lioea,  mstd  tlic 
parall^  of  latitude  at  equal  distances,  and  consequently  that  the  lengths  J 
libe  degrees  of  latitude  and  lont^tude  are  eveiT  where  exfoti.  Bat  a»  the 
eardi  is  sidierical,  and  the  mericnans  meet  at  the  Poles,  tt  is  evident  that 
charts  constructed  on  this  prindple  must  be  erroneous;  tot  in  then  Ihi 
diftronce  of  longitude,  or  distance  between  two  meridians  at  the  equator,  ii 
considered  as  the  meridian  distance  in  all  latitudes.  Hence,  the  pontiai  tt 
irfsces  lud  down  on  these  charts,  according  to  their  latitudes  and  longitudu, 
will  vary  more  or  less  from  the  truth,  both  m  beating  and  dutance.  Howen^ 
where  tne  chart  extends  but  a  few  degrees  on  either  side  of  the  equates,  tbt 
error  will  be  trifling ;  because  near  the  equator  the  meridians  are  nearly 
parallel  to  each  other ;  or  if  it  begin  at  any  considerable  distance  &om  the 
equator,  and  extend  only  a  few  degrees  of  latitude,  the  error  may  in  a  great 
measure  be  obviated,  by  maldng  tiic  length  of  the  degree  of  longitude  eqoil 
to  the  CO.  sine  of  the  mean  latitude,  one  degree,  or  60  miles,  being  radnis. 
These  charts,  from  their  erroneous  pnndples,  being  of  little  or  no  use  in  tht 

Sictice  of  Navigation,  have  been  totally  rejected  unce  the  inlroductitn  of 
creator's  projection. 

Plane  Charts,  which  are  constructed  on  the  assumpdon  that  samall  por- 
tions of  the  earth's  surface  are  planes,  are  called  Coasting  Charts  :  in 
these  neither  latitudes  nor  longitudes  are  in  general  taken  into  eondderatioiL 
They  are  usually  drawn  on  a  large  scale,  for  the  direction  of  mariners  whes 
near  the  land;  and  will  not  deviate  much  from  the  truth,  dther  in  bearii^ 
or  distance,  when  they  do  not  comprehend  any  great  extent  of  coast 

In  these  charts  places  are  laid  down  according  to  th^  bearing  and 
distance  from  each  other.  The  configuration  i^  the  coast,  and  other 
particulars,  are  taken  from  the  best  surveys,  or  such  information  as  can  ba 
most  depended  upon. 

OF  MEBCATOR'S  CHARTS. 

Mercator's  Charts  are  constructed  on  the  suppootton  diat  tJie  earth  is 
spherical.  In  these  charts  the  meridians  and  parallels  are  strait  Unea,  at 
nght  angles  to  each  other ;  but  the  distances  between  the  pwdeis  an 
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incTeased  towaids  the  Poles,  in  order  to  compensate  for  the  eipuuion  o£ 
tJhe  meridwD  distances,  by  which  indeed  those  Countries  situatra  far  &om 
tlie  equator  become  distorted,  or  considerably  enlai^ed  beyond  their 
r«latiTe  sise,  with  respect  to  those  nearer  the  equator;  notwithstanding 
^hich,  the  bearings  and  distances  of  places  may  be  easily  and  accurately 
Cbund  by  these  charts. 

The  tbUowiog  is  the  method  of  constructing  a  chart  on  Mercator^s 
projectioiL 

Having  first  determined  the  hmits  of  the  proposed  chart,  that  is,  tbe 
number  ^  degrees  and  minutes  it  is  to  contain,  both  of  latitude  and  longi. 
tude,  and  the  degree  of  each  it  is  to  commence  &om,  take  out  the  meridional 
parts  &om  Table  III.,  corretnpondlng  to  each  degree  of  latitude  within  the 
intended  limits,  and  6nd  the  cufierence  between  the  meridional  pans  of  each 
succeeding  latitude ;  but  if  the  scale  of  the  chart  be  small,  the  meridional 
nuts,  with  their  differences  to  every  fifth  or  tenth  degree,  may  be  taken. 
Reduce  the  d^erence  of  the  meridional  parts  into  degrees,  by  dividing  them 
by  60.  Draw  a  line  near  one  of  the  margins  of  the  paper,  to  represent  the 
parallel  of  the  least  Utitude,  on  which  uv  off  the  proposed  number  of 
flegrees  of  lon^tude,  taken  from  a  scale  of  equal  parts,  and  number  them 
at  every  fifth  or  tenth  d^ree.  From  each  end  of  this  parallel  draw  perpeit. 
dicular  lines  for  the  extreme  meridians,  and  make  them  equal  to  the 
difference  of  the  meridional  parts  of  the  extreme  latitudes,  taken  from  the 
scale  of  lon^tude,  or  graduated  parallel ;  join  the  ends  (^  these  meridiana 
In'  a  strut  line,  wliich  ^11  represent  the  otiier  extreme  parallel,  and  is  to  be 
divided  in  the  same  manner  as  the  first  parallel. 

Take  the  meridional  difierence  of  latitude  between  the  least  latitude  and 
die  next  fifth  or  tenth  degree  of  latitude,  from  the  divided  parallel,  and 
I^  it  off  fiom  the  first  parallel  on  each  of  the  extreme  meridians.  In  like 
maimer,  the  meridional  difference  of  latitude  between  each  succesrive  five  or 
ten  degrees  is  to  be  taken  from  the  graduated  parallel,  and  laid  off  and 
numbered  on  the  meridians ;  but  if  the  chart  be  drawn  on  a  large  scale,  the 
meridionaldifferencesoflatitudebetweeneachdegreearetobelaidoff.  The 
■pacea  are  then  to  be  subdivided  into  degrees  or  miles. 

Through  each  fif^  or  tenth  degree  of  latitude  and  longitude  draw 
meridians  and  parallels ;  or  through  each  degree,  if  the  scale  will  permit, 
without  crowdi^  the  chart  with  a  multiplicity  of  lines. 

The  principu^ points  in  the  charts  are  now  to  be  laid  down  according  to 
th«r  respective  latitudes  and  longitudes,  and  connected  rather  by  oI»er- 
vations  made  on  the  coast,  agreeably  to  die  directions  given  for  surveying 
coasts  and  harbours,  or  from  the  best  charts. 

One  or  more  compasses  are  to  be  inserted  in  the  most  convenient  parts 
of  the  chart,  and  the  rhumb-hnes  extended  to  the  coast.  The  variation  of 
the  compass  is  to  be  set  down  in  places  where  it  is  well  ascertained.  Currents 
veto  be  denoted  by  darts.  The  best  anchorages,  soundings,  times  of  high 
water,  &c  are  all  to  be  marked  in  their  proper  places.  For  further  par- 
taeuUrs,  see  Afaritime  Survei/mg. 

In  onler  to  illustrate  the  above  Rules,  let  us  take  an  Example.    Supi 
{m  instance,  it  be  required  to  draw  a  chart  extending  from  S 
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agrees  of  east 
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longitode  to  80  dMreet  of  wMt  Irogitudo,  ■adfrom  lOdcRieea  ttVUtmt 
ttf  north  ktitude.    (See  Pkte  IV.) 

Having  dram  the  bottom  marginal  line  to  re^esent  the  pmM  of 
10  d^rees,  divide  it  into  SS  equal  parts,  the  number  of  d^rees  of  longitude 
the  chart  is  to  contain ;  and  at  each  end  erect  a  pe^KndicuUr  line. 

Take  out  the  meridional  parts  correntonding  to  eve^  fifih  d^ree,  ai 
•et  them  down  with  their  diflerraces  in  the  following  onfer : 
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Now  take  the  first  difference  5°  7'  in  the  compasses  from  the  UnSei 
panllel,  and  lay  it  off  on  both  meridians  from  10^  tol^;  from  l^toJO' 
lay  off  the  next  difference  5°  15',  taken  from  the  same  parallel*  "^^  ^ 
proceed  to  the  latitude  57° ;  through  each  of  these  correfipondiug  ptwB 
draw  lines,  to  represent  the  respective  parallels  of  latitude,  and  subdivide 
the  extreme  mendians  intod^prees.  Divide  the  parallel  of  ST^intbeMW 
manner  as  that  of  10°,  and  draw  meridian  lines  through  every  fifUi  degice. 
numbering  them  as  on  the  chart. 

The  pnncipal  points  are  to  be  laid  down  agreeably  to  their  la^tudet  uA 
longitudes,  throu^  which  the  coast  is  to  be  drawn  i  and  the  various  pv- 
ticmars  are  to  be  inserted,  as  rocks,  shoals,  islands,  a  compass,  &c-  vBck 
will  be  best  understood  by  inspecting  the  chart 

USE  OF  MEECATOR'8  CHAET. 

Tof.itd  the  Latitude  and  Longitude  of  a  Place  on  the  Chart. 

With  a  pur  of  compasses  take  the  least  distance  between  the  given  pluXi 
and  the  neatest  parallel  of  latitude ;  apply  that  distance,  the  same  way,  m 
one  of  the  graduated  meridians,  one  foot  of  the  compasses  being  fiud  >< 
that  point  where  the  parallel  cuts  the  graduated  mendian,  and  the  <nlK( 
will  snew  the  latitude  of  the  place. 

The  least  distance  between  the  pven  place  and  one  of  the  iua)i» 
meridians  being  applied  in  the  same  manner  to  other  of  the  igiadmRd 
parallels,  will  point  out  the  longitude  of  the  place. 

For  example.  The  least  distance  between  Cane  St.  Vineeitt  and  dK 
parallel  of  Sir  on  die  chart,  bemg  taken  and  appliea  to  one  of  diegradUiMl 
meridians  from  the  same  parallel  upwards,  will  give  its  Utitude  abMI 
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ST  At^rtoB  N. ;  and  Ibe  least  disUnce  between  die  Mne  Cape  and  de 
meridian  of  10°,  b^ng  applied  to  either  ^;i*duated  patalkl,  tomda  the 
H^t  from  that  neridiMn,  will  give  ita  longitude  S°  VVest. 

7\>  laj/  doton  upon  the  Chart  any  Place  whose  Latitude  and 
Longitude  are  given. 

Lay  the  edge  of  a  scale  over  the  parallel  of  the  given  latitude,  aud  with 
a  p(ur  of  compasses  take,  from  one  of  the  divided  parallels,  the  distance 
between  the  ^ven  longitude  and  the  nearest  meridian  line :  this  being  applied 
■long  the  edge  of  the  scale,  from  that  point  where  the  scale  intersects  the 
menaian  line,  the  same  way  that  the  longitude  lies,  will  point  out  the  place 


Example.  Suppose  a  ship  be  in  latitude  52°30'  N.,and  longitude  33°  W. : 
required  itK  situation  on  the  chart. 

La^  the  edge  of  the  scale  over  latitude  53°  30'  N.,  and  take  ftom  one  of 
the  divided  parallek  the  distance  between  the  meridian  of  SO",  and  the 
loD^tude  29° ;  this  being  laid  off  along  the  edge  of  the  scale,  towards  the 
left,  from  the  meridian  of  20°,  will  give  the  ship's  place  at  a. 

Id  this  manner  a  ship's  track  is  usually  pncked  off  at  sea,  her  laUtude 
and  loQfptude  b^i^  laia  down  every  day  at  noon ;  and  the  ship's  places 
connected  by  pencil-lines  drawn  between  them. 

Tojind  the  Courts  or  Bearing  between  turn  Places  on  the  Chart, 

Lay  the  edge  of  a  scale  over  the  given  places,  and  take  the  least  distance 
l>etween  the  centre  of  one  of  the  compasses  drawn  on  the  chart,  and  the 
edge  c^  the  scale ;  more  this  extent  along,  so  that  one  point  of  the  compass 
may  touch  the  edge  of  the  scale,  while  uie  other  is  to  tie  kept  in  a  perpen- 
dicular nosilion  to  it,  with  respect  to  the  edge  of  \h&  scale ;  then  that  other 
point  will  generate  an  imaginary  line,  passing  through  the  centre  of  the 
compass  on  the  chart,  which  will  shew  the  course  or  bearing. 

(a,  with  a  parallel  rule,  lay  one  of  its  edges  over  both  the  places ;  then 
move  the  two  parts  t^  the  nue  in  succesoon,  until  the  edge  of  one  of  them 
past  throuf^  the  centre  of  a  compass  on  the  chart ;  ana  that  edge  will 
point  out  the  course. 

Tojind  the  Diatance  between  ant/  two  Placet  on  the  Chart. 

1-  If  the  given  places  lav  under  the  same  meridian,  find  their  latitudes 
oa  Ae  chttt ;  and  the  difference  or  sum  of  these,  according  as  the  places 
Ity  on  the  same,  or  on  different  sides  of  the  equator,  will  ^ve  the  distance. 

S.  If  the  ffnn  places  lay  in  the  same  parallel  of  latitude,  take  half  the 
^'■tance  between  Uiem,  and  placing  one  foot  of  the  compasses  in  the 
gnduated  iatr<>l'<w  on  theii  latitude,  observe  what  la^tudes  the  othet  foot 
piaQts  to,  both  above  and  below :  the  differaice  between  these  will  be  their 
distsnce. 
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3.  Ihitif  the  ^enplBCGi  differ  boUi  in  latitude  ukI  Ioi>^tuile,uke^ 

dlcunce  between  them,  uid  apply  it  to  either  of  the  graduated  meridiaDs, » 
that  one  foot  of  the  compames  ma;  be  as  much  above  one  place  as  the  other 
in  beltrw  the  other  place ;  then  the  degrees  or  minutes  contained  between 
the  points  of  the  companes,  will  be  the  diatance  required,  vbich  mi}'  be 
reduced  to  miles  or  leagues. 

But  if  the  places  Uy  neariy  in  a  parallel,  and  their  diataace  be  consider- 
able, it  will  conduce  to  accuracy  if  the  middle  latitude  between  the  two 
places  be  found ;  then  half  their  distance  being  applied  alternately  abon 
and  below  the  middle  latitude,  will  give  the  distance: 

Or,  a  degree  may  be  taken  near  die  middle  parallel,  and  the  nurobei  of 
these  degrees  ^d  parts  contained  between  the  two  places  being  measured 
along  the  edge  of  Uie  scale,  will  give  the  distance. 

The  distance  may  also  be  found  in  the  following  manner :— Find  ihe 
difference  of  latitude  between  the  given  places,  and  take  it  from  tbe 
equator,  or  one  of  the  gradtiated  parallels ;  then  lay  the  edge  of  a  «cilc 
over  the  given  places,  and  move  or  slide  one  point  of  the  compasses  akBg 
the  edge  of  the  scale  (keejnng  both  points  nanllel  to  the  meridians),  nnlil 
the  other  point  just  touch  a  parallel.  Now,  the  distance  between  At 
place  where  the  point  of  the  compasses  rested,  and  Uie  point  of  intersectioi 
of  the  edge  of  the  scale  and  parallel,  being  applied  to  the  equator,  or  one 
of  the  graduated  parallels,  wiQ  give  (he  distance  in  degrees  and  parts,  i^A 
may  be  reduced  to  miles. 

Example.  Required  the  course  and  distance  from  Cape  St.  Vincent  U 
the  east  end  of  (he  Island  of  Madeira. 

lay  the  edge  of  a  scale  over  the  two  places,  and  take  the  least  disttiee 
between  it  and  the  centre  of  the  compass ;  then  sliding  one  point  along  ^ 
edge  of  the  scale,  the  other  will  shew  the  course  to  be  S.  W.  b.  W.  naiitj': 
the  extent  between  the  two  places  being  taken  with  the  compasses,  w 
applied  to  one  of  Uie  graduated  meridians,  will  reach  from  3P  to  sbau 
3.S=  40',  being  an  intervij  of  7°  40' :  hence  the  distance  is  460  miles- 

Or,  take  the  difference  of  latitude  between  ^e  two  places,  which  is  4^  i9, 
from  either  of  the  graduated  parallels,  and  laying  the  edge  of  the  scale  onr 
the  two  places,  move  one  point  of  the  compasses  dong  it  until  the  oibn 
JBfit  touch  a  parallel,  as  that  of  35°;  then  the  extent  between  thej^ 
where  the  foot  of  the  compasses  rested,  and  the  point  where  the  scale  cuB 
the  parallel  of  35°,  being  applied  to  the  graduated  parallel,  will  give  ih  < 
distance  7°  40',  w  460  mdes,  «s  before.  | 

7*A«  Cottne  ateered,  and  DUtance  run  from  any  given  Place,  betni 
known,  tojtnd  the  Ship's  Place  on  the  Chart. 

"Lsj  the  edge  of  the  scale  over  the  pven  place  in  the  direction  of  ^ 
slnp's  course ;  then  take  the  distance  run  from  that  part  of  one  of  ^ 
graduated  meridians  opposite  the  given  place  and  the  supposed  plaeerfjP' 
ship,  which  lay  off  from  the  given  place  along  tbe  edge  of  the  taie,  sw  J' 
iriQ  shew  the  place  of  the  ship.  Or,  placing  the  scale  as  befbre  An^ 
take  Cm  given  distance  fVom  one  of  the  graduated  parallels ;  put  one  B»' 
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of  the  compasses  in  that  point  of  a  parallel  that  is  cut  t^  tile  edgtf  of  the 
scale,  and  the  other  foot  will  readi  to  a  certain  place  along  the  edae  of  the 
scale.  Now  this  foot  remuning  in  the  aame  position,  draw  u  toe  other 
point  of  the  compasses  until  it  last  touch  the  uwtc  pBrallel,  without  ci«a»- 
mg  it ;  apply  this  extent  to  toe  graduated  paraBei,  and  H  will  eive  the 
difference  of  Istitnde :  hence  the  Utitude  in  will  be  known,  throufln  which 
s  parallel  being  drawn,  that  point  where  it  mteiseds  the  edge  of  oie  scale, 
vul  be  the  ship's  place. 
Example.  Suppose  a  ship  nul  N.  W.  b.  N.  400  miles  from  Cape  Blanco : 

equired  her  place  on  the  Chart. 
By  either  of  the  above  methods  the  ship's  place  will  be  found  at  s,  in 

latitude  mP  S3  N.,  and  in  longitude  21°  lO*  W. 


Kqum 
^y 


MARINE   SURVEYING. 


KoTwiTHSTANDiKd  the  grest  importance  of  accurate  surveys  of  the 
varioiu  coasts  and  harbours  that  are  irrauented  br  mariners,  it  must  be 
confessed  that  the  manner  of  executing  this  brancn  of  the  nautical  Art 
liu  been  but  little  attended  to,  ana  that  the  opportunities  which  so 
frequently  occur  to  seamen  of  adding  to  our  present  stock  nf  gco^phical 
knowled^  are  almost  entirely  neglected,  or  at  least  such  incorrect 
obsorationa  made,  as  can  be  of  little  service  to  the  attainment  of  truth. 
We  therefore  think  it  proper,  before  we  proceed  to  the  astronomical  part 
of  the  Work,  to  lay  down  a  few  general  directions,  illustrated  by  proper 
examples,  shewing  how  a  coast  or  harbour  may  be  easily  surveyed  with 
such  lostruments  as  are  commonly  used  at  sea ;  and  we  shall  at  the  same 
timeexphuD  the  method  of  delineadng  the  observations  on  paper.* 

To  survey  a  Buy  or  Harbour. 

Ttdces  general  view  of  the  place,  by  walking  or  suling  round  it.  During 
this  time  make  a  rough  sketco  of  the  coast,  carefully  drawing  the  various 
prcjections  and  bendings,  and  nodng  whatever  is  remarkable.  On  the  prin- 
dpal  points  and  curves  place  station- staves,  or  str^t  poles,  high  enough  to 
be  seen  at  a  considerable  distance;  and,  to  render  these  more  conspicuous, 
fasten  a  piece  of  white  bunting  to  the  top  of  them  :  if  there  be  a  tree, 
house,  or  other  remarkable  object  at  any  of  these  places,  it  may  serve 
instead  of  a  atation-Btaff ;  these  are  all  to  be  marked  down  on  the  eye-sketch, 
either  with  letters  or  numbers,  in  order  to  disdnguish  them. 

*  Tfao«a  wfab  kra  dedratu  oT  nbtaining  further  infiimiBClan  on  thli  mbjact,  tniy  eonault 
tU  bJikniiag  Wotkt  b_"  A  TmUie  on  Muine  Surveyiag,  hy  Murdodi  Hackenue,  Sen., 
«Mnct«d  and  republiihed,  witli  a  Supplement,  b^  Jniacs  Hnrtlmi^h,  F.  R.  S.,  &a."  uid 
"An  Introduclion  to  the  Practice  of  Nautiis]  SurreylnB,  and  the  CooMructlon  of  Sea  Cbarti  i 
traodated  from  ihi  Frendi  efC.  F.'Bauitampi-BeBupre,  b;  Cqttain  R,  Copdaud,  R.  N." 
s  2 
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PrMeed  Mhrto  deUmiiM  the pondon  «f  Ae  ttadonii  hy  obnrmaaAi 
lAado  wtbw  on  ihon  <r  on  the  «al«r.  la  the  fertnec  cmc,  find  a  lerd  ipat 
of  giound  aetr  t^  bIub*  idunon  s  bwvJine  m^  bo  mcatined,  nhidi  bu»- 
liae  miut  be  m  ntnated,  that  the  whole,  or  the  most  part,  of  the  itadMU,  or 
ranwdcftUs  ol^ecte,  naj  be  eeoi  fnnn  both  the  ezttemities ;  sod  its  la^di 
and  directum,  if  poesible,  such,  diat  the  ui0e  contained  between  it  and  any 
of  the  atation-vtaTes  taken  (nxa  one  end,  may  difflv  at  leaat  ten  degreea 
from  the  Bame  taken  from  the  other  end  thereof.  Then  set  up  two  atatkn- 
Btaves;  the  further  these  are  &om  each  other,  in  general,  the  better;  care- 
fully measure  thetr  distance  dther  by  a  cJiain,  a  meanning  pole,  or  a  piece 
of  log-line  divided  into  feet,  and  oDBeire  liieir  bearing  aa  accuratJy  aa 
pouilde  by  an  azimuUi  compass. 

If  a  base-line  of  sufficient  length  cannot  be  taken  in  one  right  line,  two 
a^^oining  lines  and  their  included  ai^le  may  be  measured,  and  the  dittaoce 
between  their  extremes  found  either  by  construction  or  computation,  which 
may  be  considered  as  a  base :  the  braring  of  this  line  may  be  ascertained 
from  that  of  one  of  the  measured  lines  and  the  adjacent  an^e. 

When  the  survey  cannot  be  taken  on  shore,  (which,  however,  is  tiwm 
to  be  preferred,  on  account  of  the  superior  accuracy  with  which  the 
observations  can  be  made),  a  base-line  may  be  laid  down  an  the  wat^,  by 
mooring  two  buoys  in  the  most  convenient  ntuations,  and  measuring,  as 
accurately  as  possible,  their  bearii^  and  distance  from  each  other. 

Having  fixed  upon  a  base-line,  &om  each  extremity,  observe  the  bearii^ 
of  the  several  remarked  objects,  and  note  them  down  in  their  proper  order; 
or  rather,  with  a  Quadrant  or  sextant,  observe  the  angles  formed  between 
the  base-line  and  lines  drawn  from  each  end  to  the  several  statioas.  If 
any  of  the  angles  exceed  the  limits  of  the  instrument,  it  mi^  be  measured 
at  twice,  by  taking  the  angular  distance  of  some  intermediate  object  froB 
each  extreme  object.  These  bearings  or  angles  are  ^  to-  be  entered  on 
paper,  as  they  are  taken,  and  distinguished  1^  the  letters  marked  on  the 
rough  sketch. 

If  any  of  the  objects  be  not  visible  from  both  or  either  end  of  the  base- 
line, their  positions  must  be  ascertained  by  angles  taken  frvm  stations 
whose  EQtuations  are  already  known.  Sometimes  it  wQl  be  necessary  to 
measure  out  a  new  base,  which  is  to  be  connected,  if  posnble,  with  the 
first  base,  either  b^  angles  taken  frtim  both  extremities  of  the  first  base, 
or  from  one  extremity  and  a  station-staff,  or  from  two  station- staves  whose 
positions  have  been  previously  determined. 

When  the  survey  is  made  by  base-lines  on  the  water,  if  all  theprindpal 
points  cannot  be  seen  from  two  HtaUons,  moor  as  muiy  buoys  as  are  neces- 
sary, and  obserre  their  bearings  and  distances  from  each  other,  which  set 
down  in  the  manner  of  a  Traverse ;  bearings  or  angles  being  then  taJten 
friHu  any  two  oC  them  whose  utuations  have  been  determined,  wiO  ^ve  the 
positions  of  the  places  required. 

Having  proceeded  so  far  on  the  survey,  it  will  be  proper  to  lay  down  the 
observations  on  paper ;  for  which  purpoK  describe  a  circle  with  the  chord 
of  60°,  and  through  its  centre  draw  the  magnetic  north  and  south  line :  on 
this  cirdc  lay  off  the  bearing  of  the  base,  and  draw  a  line  parallel  to  it  on 
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a  ataveausM  part  of  tbe  pavcri  to  re|nwnit  (be  poniiaii  knd  lengdi  of  the 
bue.  PFometobendofttteMaedrftwlinesparalleltotlieTeqiectiTCobflenfld 
beannga,  pieriously  Uid  down  od  the  circle ;  or  if  ai^^  betveen  the  base- 
line and  tlie  8tsti<Hu  be  observecU  >  cirde  is  to  be  drawn  at  each  end  of  tbe 
base  «a  which  tb^  an  to  be  Itud  off;  then  the  intersection  of  each  pair  of 
conwpODding  lines  will  gire  the  position  of  tbe  statioDs,  between  eai^  of 
vhich  the  configiuation  of  the  coast  is  to  be  drawn  &om  the  sketdies 
already  made. 

Now  sail  about  the.  harbour  at  low  wata,  and  take  the  soundiiw  or 
defitha  of  the  sea,  obaerring  whether  the  sround  be  rocky,  sandy,  shelly, 
Sec.  At  the  place  where  each  sounding  is  taken,  obserre  the  bearings  of  two 
Tcmukable  objects,  whose  podtions  had  been  previously  determined:  hence 
iu  nluadon  may  be  laid  down  on  tbe  chart,  where  the  depth  of  water  is 
(0  be  denoted  by  small  numeral  figures.  la  like  manner  determine  the 
situation  of  rocks,  shoals,  anchoring-places,  &c.  that  may  be  in  or  near  the 
harbour,  and  mark  them  down  accordingly*.  Observe  the  set  and  velocity 
of  the  tide  of  flood,  by  heaving  the  log  while  at  anchor,  jmd  denote  the 
same  on  the  chart  by  small  duts.  The  time  of  high  water,  at  new  and 
foU  moon,  is  to  be  msorted  in  Roman  numeral  letters ;  rocke  are  to  be 
denoted  by  small  crosses ;  sands  by  dotted  shsdiug ;  good  anchoring-places 
hy  a  small  anchor,  and  stopping  places  by  a  small  anchor  without  a  stock. 
Wlulst  going  on  with  tbe  necessary  operations  on  the  water,  take  particuUr 
a»e,  on  conning  near  the  shore,  to  correct  the  outline  of  tbe  chart,  by 
observing  the  imection,  creeks,  fiic.  more  minutely. 

Ib  a  small  saiBng  vessel  go  out  to  sea,  and  take  drawings  of  the  appear- 
anoe  of  the  land,  with  iu  bearings.  Sail  into  the  harbour,  observe  tbe 
appearance  of  its  entrance,  and  particularly  whether  Uiere  be  any  false 
resemblance  of  an  entrance,  by  which  ships  may  be  deceived  into  danger. 
Kema^  the  signs  or  objects,  by  attending  to  which,  the  harbour  may  be 
entered  widi  safety  ;  more  especiatly,  where  it  can  be  done,  let  the  ship 
iteet  to  the  anchormg-place,  keeping  two  lemarkaUe  objects  in  one,  or  in 
■  liw.  These  leading  maiks  are  to  be  inserted  oo  ine  draught,  by  ^wing 
(ioe  double  lines  duough  the  objects. 

Tbe  necessary  observations  being  all  laid  down  on  the  chart,  shade  (he 
coast OQ  the  land-side  with  Indian  i^,  and  draw  houses,  cfaurdies,  trees,  Sec 
in  their  proper  places;  the  coast  should  be  shaded  so  as  to  exhibit,  as  nearly 
as  poffiihle,  its  natural  appearance,  particularly  shewing  whether  it  be  high, 
low,  sandy,  rocky,  bad  snore,  &c.  In  a  convenient  place  insert  a  Marioer''s 
Compass,  by  whuJi  the  situadon  of  the  rhumbs  will  be  shewn :  this  may  be 
^wn  eidier  according  to  the  magnetic  or  true  north,  as  may  be  thought 
V^^ifa ;  the  variadon  is  to  be  marked  by  placing  a  small  fleur  do  lis  at 
the  north  point  from  which  the  compass  is  not  drawn.  The  name  of  the 
place,  on  what  coast  or  country,  tbe  latitude  and  longitude,  and  whatever 
else  may  be  thought  necessary,  are  to  be  ascertained  and  inserted  in  the 
chart 

*  Wb«B  the  rsbtiTt  podtlom  of  ihrae  iutl<Ki>  ara  mil  daMrmlDad,  a  foonh  itadon  my 
«  rmnd,  u  ihtwn  <n  Eumple  V.  of  Oblique  SaJlingi  la  thj*  maoiier  tltentuation  of  roclu. 
»M)ah,  Kiuidliigi,  See  may  be  accurately  laid  dtnvn. 
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7\t  uuney  a  Coatt  wldle  taUing  along  it. 

WbcD  the  ship  has  amred  at  a  convenient  ntiutkm,  from  whence  tbnt 
is  a  tolerably  extenrive  view  of  the  coast,  there  cast  anchor,  or  lar-to  h  tudj 
as  possible ;  then,  vhile  the  resael  is  in  diis  stationary  positton,  obtenc, 
vitn  an  azimuth  compass,  the  bearings  of  the  most  material  pn^tdkai 
and  hollows,  and  whatever  objects  are  remarkable  on  the  coast ;  or  ntbcr, 
t^e  the  bearing  of  one  of  the  most  conspicnous  points,  and  obserte,  vitb 
a  quadrant  or  sextant,  the  angidar  distances  contained  between  it  and  tk 
other  remarkable  objects  ;  write  these  down  on  paper,  and  make  a  roi^ 
sketch  of  the  coast,  on  which  mark  the  obserrea  points,  Stc.  with  letttn, 
for  the  sake  of  reference. 

Then  let  the  ship  run  in  a  direct  line  upon  a  known  course,  meastiriiK 
the  distance  with  all  imaginable  care  by  a  It^,  or  otherwise ;  during  vlua 
time  take  soundings,  and  draw  a  more  correct  sketch  of  the  coast,  fA 
appearances  of  land,  &c.  When  she  has  at  length  attained  a  proper  dtuitiai, 
from  whence  the  same  points  and  objects  before  obserred  may  be  still  mis, 
lay-to,  as  at  the  first  station,  and  again  observe  the  bearings  or  angles  (^ibt 
former  objects,  and  likewise  of  others  in  the  continuation  of  the  coast,  whidi 
note  down  as  before :  in  this  manner  proceed  &om  station  to  station,  uad 
the  survey  be  extended  as  far  as  mav  be  thought  proper. 

The  observations  are  to  be  laid  aown  on  paper,  by  drawing  the  ship'i 
courses  and.  distances  between  the  stations,  in  the  manner  of  a  Tnverx, 
and  setting  off  the  bearings  and  angles  observed  at  each  station ;  then  llw 
intersection  of  the  corresponding  Imes  will  give  the  poution  c^  the  eevenl 
observed  points  and  objects,  through  which  the  configuration  of  the  coutii 
to  be  drawn  from  the  sketches  ma£  while  suling  along  it. 

To  reduce  a  Draught  to  any  Scale  required. 

Surveys  being  usually  drawn  upon  a  large  scale,  for  the  sake  of  accuTscy.it 
frequently  becomes  necessary  to  rcduce  them  to  a  smaller,  when  they  are  und 
in  Oie  construction  of  charts,  in  order  to  adapt  them  to  that  particular  scJt 
«n  which  the  other  parts  of  the  chart  are  drawn :  this  maybe  pCTfortned  se«n! 
ways;  but  the  following  is  the  easiest,  and  the  most  convenient  in  pracQce. 

Kvide  the  whole,  or  that  part  of  the  draught  to  be  copied,  into  wuQ 
squares,  by  setting  off  any  convenient  number  of  equal  divisions  on  iIk 
marginal  Imes,  and  through  these  drawing  lines  across  the  draught  witb  i 
bhu»-lead  pencil;  in  like  manner  divide  that  part  of  the  paper  on  which  4« 
copy  is  to  be  taken,  into  the  same  number  of  squares.  If  the  divisions  wuiu 
the  margins  be  numbered  alike  on  both  draughts,  or  if  every  fourth  or  fii« 
line  be  drawn  somewhat  stronger  than  the  rest,  the  corresponding  squiM 
will  be  more  readily  discovered.  With  a  pencil  draw  in  such  lines,  cuno. 
and  other  particulars  on  the  copy  as  arc  found  in  the  corresponding  squva 
of  the  former  draught :  when  the  whole  is  thus  correctly  copied,  draw  IW 
lines,  Sec.  over  with  a  pen  dipped  in  Indian  ink  dissolved  in  water,  and  when 
dry,  rub  out  the  pencU4ine8  with  Indian  rubber,  or  crumbs  of  stale  Iveid' 

We  shall  now  proceed  to  elucidate  what  has  been  sud  on  Surveying,  ^ 
the  three  following  Examples,  each  of  which  exhibits  a  diffinent  metM  « 
conducting  the  operation. 
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EXAMPLE  I. 

Let  it  be  required  to  survey  the  harbour  (No.  1 ,  FUte  V.)  by  obcecva- 
dons  made  on  the  water. 

Having  sailed  round  the  hsibour,  and  fixed  upon  the  several  stations  on 
the  coast,  let  the  two  buoys,  a  and  s,  be  moored  so  that  all  the  points  or 
stations  may  be  seen  from  both,  whose  bearing,  from  a  td  b,  as  observed 
by  an  azimuth  compaBs,  suppose  to  be  N.  46^  E.,  and  their  distance 
measured  by  a  log,  one  mile* ;  then  havbg  taken  the  boat  to  the  etauons 
A  and  B,  suppose  the  following  bearings  to  nave  been  taken. 


From  Stat 

AC 

= 

N. 

AD 

= 

N. 

AE 

= 

N. 

At 

= 

N. 

AG 

= 

N. 

*\H 

= 

N. 

Fioic  Stat 

BC 

= 

N. 

BD 

= 

N. 

BE 

= 

N. 

BF 

= 

N. 

BO 

= 

N. 

Bl     =    N.    129    W. 


^1  =  N.  110  W. 
The  above  bearings  being  observed,  proceed  to  draw  the  plan  as  follows: 
In  a  convenient  part  of  the  paper  describe  a  t^rcle,  with  the  chord  of  60°, 
andthrough  the  centre  draw  a  line,  to  represent  the  magnetic  meridian,  or 
north  and  south  tine ;  on  this  circle  lay  off  the  bearings,  as  above,  and 
through  A  and  a  draw  lines  parallel  to  tbcm ;  then  the  intersection  of  these 
lines  vill  give  the  position  of  the  points  cdefghi,  through  which  draw 
the  configurauon  of  the  coast,  according  to  the  sketch  previously  made,  and 
insert  the  isles,  rocks,  shoals,  and  sand-banks,  that  lay  within  or  near  the 
harbour,  with  the  marks  to  avoid  them,  the  proper  places  for  anchoring, 
the  depth  of  water  in  various  parts,  the  variation  of  the  compass,  and  what- 
ever other  particulars  may  appear  worthy  of  notice. 

EXAMPLE  II. 

Wanting  to  survey  a  coast  whilst  sailing  along  it,   I  ran  from  a  to  b 

(No.  2,  Plate  V.)  W.  S.  W.  6  miles ;  from  n  to  c,  West  i  miles ;  and 

^m  c  to  D,  N.  N.  W.  j  W.  9i  miles ;  taking  the  following  bearings  and 

angles  at  each  station : 

I.  Fbom  Station  A. 

TheBtaringof  AG      =  N.     51"     ff  W. 
TheAn^e         GAE  =  69    40 

—  OAF  =       as    0 

OAH  =  21    50 


9.  Fbok  Station  B. 
Tbe  Bearing  dTBK:     =  N. 
TlieAnfile         KSL  = 

KBI    = 

KBH  = 

KBO  = 

KBK  = 

KBE  = 


sa- 


in >  ate  Eke  this,  where  it  is  n 
*ni  b«  dlAnUt  to  meHoie  aooirmtdy  the  dlitance  betweea  the  buoy*,  the  ii 
'*^'^*iMd  batveenauTtiTOof  IfaeitBtlauonihore,  which  will  fumiah  k  Kale  fur  the  plan  : 
"■q  the  bcuingt  or  anglea  Mug  taken  tnua  the  tninyt,  will  shew  the  relative  ponltlon  of  thi 
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t.   FmhStatiovD. 

ThaBMrinKOfDN     =.Jt.    M*     tf  El 
The  Angit         NIX)  =  ST    SO 

_  NDH  =  12      9 


t.    PaOM  Statioii  0> 
Tb.Ai>i^        KCI  =:         IS    IS 

-^       xcb  s       M  sa 

».         KCH=         M     0 
_         nCN  =         »    4S 

KOO  =  83    S8 

To  delineate  theBe  obserratiotu  on  paper,  firet  dnw  s  compus  in  ■  con- 
venient  part,  and  fix  upon  s  point,  as  a,  for  the  first  station;  Uirougfa  vhidi 
draw  the  line  ab  parallel  to  the  W.  S.  W.  rhumb-line,  and  equal  toBmiki. 
the  distance  run  on  that  rhumb;  then  iriU  »  be  the  second  station :  proceed 
in  like  manner  with  the  seeond  and  third  coursM,  by  which  you  will  obtais 
the  third  and  fourth  stations,  c  and  d.  Through  a  draw  the  Ime  a  g  panlU 
to  N.  j;P  W.,  laid  off  on  die  compass,  and  make  the  angles  gab,  bat, 
GAH,  according  to  the  above  observattonB :  in  the  same  manner  the  bear- 
ings and  anglei  are  to  be  laid  down  from  the  other  stations ;  then  the  inter- 
secting lines  will  give  the  points  e  f  o,  &c,  through  which  the  coast  is  to  be 
drawn,  ^freeably  to  the  sketches  made  at  the  time  of  passing  along  it  The 
scale  of  miles  is  to  be  laid  down  from  the  same  equal  parts  as  the  distaaca 
mn  were  measured  by. 

EXAMPLE  III. 

Let  it  be  required  to  take  an  accurate  survey,  and  (torn  thence  to  make 
a  chart  of  the  harbour  and  adjacent  island,  (No.  S,  Plate  V.) 

Sail  round  the  coasts  to  be  surveyed,  and  fix  station-staves  on  the  pris- 
apal  points,  where  there  are  no  remarkable  objects  to  distinguish  them:  at 
the  same  time  take  a  rough  sketch  of  the  harbour,  on  which  denote  the 
situation  of  the  objects  and  stations  by  the  letters  a,  b,  c,  &c. ;  it  vill  like- 
wise be  advisable  to  take  a  more  particular  sketch  of  the  coasts  betwBcs 
each  station,  on  a  separate  piece  of  paper.  Seek  for  a  proper  place  near  the 
diore,  on  which  a  base-line  may  be  measured ;  and,  once  there  is  no  part 
of  the  coast  which  commands  a  view  of  all  the  stations,  it  will  be  neceasaiy 
to  measure  out  two  base-lines :  accordingly  tiie  baae-line  ab  is  fixed  upon, 
the  ground  being  there  level,  and  a  considerable  number  of  station-staves 
visible  from  each  extremity :  ita  length,  as  measured  by  a  chain,  is  800 
&thoms,  and  its  bearing  m>m  a  to  b,  N.  46^  £.  From  each  end  meaaun 
the  angles  contained  between  the  base-line  and  the  several  statkuu  witha 
si^t,  which  are  as  follow : 


F.01C  Statioh  a. 

FioK  Sr*noH  B. 

The  ADgU  DA  i    =    S8° 

85' 

TheAo^  ABa    =    18" 

40" 

BAo    =    S> 

10 

AB.    =    38 

0 

BArf    =    W 

0 

ABC    =    SO 

H 

- —  BAC    =   H 

0 

. — .  ABD    =    W 

0 

CA  *    =   >S 

13 

ABi*    s=    69 

30 

CAa    =r   « 

30 

.  rfBe    =    88 

ts 

-  dBi    =    81      10 
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It  iriD  now-beowetMrv  to  fix  upon  a  place  wbenon  anedferbaae-line 
■Dty  bt  DMHond,  from  wluBoe  the  remammg  BtatJons  may  be  Men.  Tfie 
noet  ceBvenient  ipot  it  between  d  aid  £ ;  let  d  t,  thenfore,  Jx  tbe  oecnbd 
lase-liiie,  its  lengu  brnng  660  &thomB,  aod  bearing  from  Q  to£,  N.  7!i°  W. ; 
ttut  u  its  Muthem  extremity  d  can  be  seen  tmiy  from  one  end  of  the  first 
bue,  tbe  ai^te  d  c  d  is  to  be  observed  from  c,  in  order  to  ascertain  the 
podtion  of  me  second  base  with  regard  to  the  first ;  this  angle  is  found  to 
be  M"  (K ;  now  measure  the  angles  formed  by  lines  drawn  from  each  end  of 
diig  base  to  the  atadon-staTeB,  or  other  olgects,  which  are  as  follow :  \ 
From  Station  B.        , 

ED/    =    SB 
/r>g     =79 

Having  taken  all  the  necessary  bearings  and  angles  on  shore,  lay  them 
doTD  upon  paper  agreeably  to  the  preceding  direction! :  hence  the  relative 
positioD  of  tne  points  a,  a,  b,  b,  c,  a,  a,  e,  c,  e,f,  g,  and  k,  will  be  obtained; 
vhich  are  to  be  connected  |w  drawing  the  configuration  of  the  coast  from 
the  sketches  made  whilst  suling  round  the  harbour  and  island.  The  chart, 
being  thus  far  delineated,  proceed  to  make  the  requisite  observations  on 
the  water.  In  sounding  for  the  depths  of  water,  a  shoal  is  discovered  in 
one  of  the  entrances :  now  its  extremes  t  A  are  to  be  ascertuned  by  their 
bearings  &om  the  sUtions  d  and  k  ;  the  beaiing  of  i  x  is  N.  40°  E.,  and 
ofin.N.  7a°E.;  also  the  bearing  of  A  k  is  N.  40°  W.,  and  of  A  b 
N.10°E.:  to  lay  these  down  on  the  chart,  throu^  £  and  o  draw  lines 
piiallel  to  the  above  bearings,  which  are  to  be  previously  laid  off  on  the 
coBpaas ;  these  will  meet  at  i  and  A,  and  determine  the  extremities  of  the 
shoaL*  In  the  same  way  the  positions  of  the  soundings,  anchoring  places, 
rocks,  &c.  are  to  be  ascertjuncd  and  laid  dowr 

The  above  bearings  being  ail  magnetic, 
to  dimr  a  compass  according  to  the  true  n 
b  2^  easterly,  is  to  be  lud  off  to  the  left  of  i 
direction  wf  uie  true  meri^an  and  the  other 

The  scale  shews  the  length  of  a  geogra 
filhoms;  therefore  take  lOlS  from  the  samt 
used  in  laying  down  the  base-lines ;  or,  m 
400  oa  the  sector,  equal  to  the  len^  of  the 
istMice  of  50f)  wfll  be  the  length  of  one  mile. 

The  following  methods  of  ascertainbg 
Rinote  objects  neing  frequently  useful,  p 
surveying,  we  think  it  proper  to  introduo 
pnsent  subject 

Tojind  the  H^ght  of  an  aceeaaUtle  Oiiject. 
the  horiiontal  ^stance,  between  the  eye  and  the  ol^'ect,  of  the 
amediately  under  it,  and  observe  the  angle  of  elevation  with  a 
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triangle,  tlw  perpendicutir  of  whkb  bang  found,  iw  be  Ae  iieq^of  Ar 
otgect^Mre  the  horisontal  plane,  to  vhidt  add  the  bdgfat  of  the  cye: 

Or,  by  remo'nK  dther  towiMa  or  ftom  the  object,  tmtil  the  wgle  of 
deration  be  4S°,  i£e  horiionta)  distuice,  adifed  tothebei^toftbeeye,*31 
give  the  height  at  the  object 


Fmin  the  bottom  of  «  tower  I  measured  !iOO  feet  on  a  horisontal  plane; 
I  then  took  the  angle  of  elevation,  and  found  it  46^  SCV,  the  hdght  of  my 
eye  being  6  feet :  required  the  height  of  the  tower. 


Ib  the  triau^  a  b  c  are  given  the 
ndo  A  B  SOO  fbet,  and  the  an^e  b  a  c 
49>  SC,  to  find  dte  perpendicular  a  c. 


Aaradln*  10.00000 

latothediitanoeABor  dbSOO...    3.3010S 
Soittang.  an|^BAo49>30' 10.0S376 


To  the  perpendlciilar  a  o      310. 7    9. 33378 
Hei{^  ofthoeyeADOTBi    6      

Hdght  of  the  tower  oB  ...  9]S.7ftet 

If  the  height  of  the  object  be  known,  and  the  angle  of  elevation  observed, 
the  horisontal  distance  oi  the  ^e  may  be  found ;  for  in  this  case  there  wiO 
be  givoi  the  perpendicular  and  an^es  of  a  ri^t-angled  triangle  to  find  the 
base  or  distance  required. 

To^find  the  Het^t  of  an  imeomubU  Olgect. 

Measure  the  angle  of  elevation  at  a  convenient  distance  firom  the  given 
object;  then  remove  in  a  ^rect  line  from  the  object,  and  wain  observe 
the  angle  of  eleradon,  the  distance  between  the  stations  being  carefully 
measured :  hence  will  be  given  one  side  and  the  ansles  of  an  oblique-angled 
triangle,  with  which,  find  the  less  of  the  other  sides.  Now  that  ude  will 
be  the  hypothenuse  of  a  right-angled  triangle,  the  perpendicular  of  which 
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hNMMg  finmd,  an^  die  bo^t  of  the  f^e  added  to  U,  Uicir  nun  w^l  1^  die 
hei^t  of  the  otgect 


W/^antiiu;  to  Imow  the  height  of  >  lighthouse  above  the  level  of  the  sea, 
•nd  not  beuiB  aiHe  to  meMure  its  honsontil  distance,  I  took  the  ansle  of 
elevataon,  and  found  it  to  be  Sl°  46',  and  aAer  removing  from  it  1 20  fauomg, 
I  observed  the  angle  of  elevation  to  be  21°  SO':  required  the  h«ght  of  the 
ligfathouse. 


Id  the  triani^  ab  c  are 
given  dieangJeACB  SPSO*; 
Uie  angle  c  a  b  10°  25';  and 
the  nde  c  b  120  &thoms,  to 
6nd  the  nde  b  a. 


Angle  AOB 31°  av  As  one  angle  CAB  10°  26' 9.257S1 

Angle4,B0 148    15  It  to  the  aide  o  b  ISO   2.07918 

So  is  aine  angle  AC B  21° 90'  9.56065 


lao   36 


Angle  CAB 10    26 


11.64003 
9.25731 


To  the  nde  A  B  241. 4 2.31 


In  the  rigbt-an^ed  trian^e  a  B  d  are  given  the  angle  a  b  n  81°  45',  and 
the  bypotheause  a  b  241. 4,  to  find  the  perpendicular  a  d. 

As  Todina lOiOOOOO 

Is  to  the  hypotbenuse  ab  241.4...    2.38274 
So  is  nne  of  angle  ab»  31°  45' ...    9. 72116 


To  the  perpendicular  A  D  137 2.10300 

Hence  the  hdght  of  the  Ugbthouse  ia  127  &d)oms,  or  769  feet  above  the 
level  of  the  sea. 

In  this  ezami^  the  ho^t  of  the  eye  is  neglected ;  for,  supposing  the 
observations  to  nave  been  made  in  s  Mat,  the  eye  would  neany  coindde 
with  the  Bui&ce  of  the  water,  and  hence  the  omisaion  wonld  lead  to  no 
material  erran 

Shorter  methods  nught  have  been  giveQ  for  solving  the  above ;  but  as 
the  present  ia  worked  £rectly  by  the  Rules  of  Trigonometry,  it  is  more 
likely  to  be  retuned  in  the  memory. 
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ASTRONOMY. 


ASTRONOMY  is  a  science  which  trests  of  the  motioiis  and  distances 
of  the  bearoily  bodies,  and  of  the  sppeanuices  thence  arising. 

A  great  variety  of  opinions  prevailed,  at  difl^rent  times,  among  phi- 
losophers of  fanner  ages,  concerning  the  order  and  arrangement  of  the 
sevnal  parts  of  the  universe,  or  of  the  positions  of  those  bodies  which 
■ppeu  in  the  heavens.  The  most  eminent  Astronomers  of  the  present  day 
rappoK  the  univeree  composed  of  an  infinite  number  of  systems  or  vorids; 
that  in  every  system  there  are  certain  bodies  moving  in  firee  space,  and 
reviving  at  di^rent  distances  around  a  sun,  placed  m  or  near  the  centre 
of  the  system,  and  that  these  suns  and  other  bodies  are  the  stars  which  are 
teen  in  the  heavens. 

The  Staks  are  distinguished  into  two  kinds,  vix.Jiaied  and  wandering. 
The  fixed  stars  are  su{n>osed  to  be  suns  in  the  centre  of  their  systems, 
shining  with  their  own  light,  and  preserving  always  the  same  situations  with 
respect  to  each  other :  tney  are  usually  divided,  according  to  their  apparent 
splendour,  into  different  classes,  called  magnitudea ;  the  brightest  being 
i&nominated  stars  of  the  first  magnitude ;  the  next  to  them  in  brightness, 
of  the  second  magnitude ;  and  so  on  to  those  stars  that  are  scarcely  viable 
to  die  naked  eye,  which  are  termed  stars  of  the  dxth  or  seventh  magnitude. 

In  order  to  assist  the  memory.  Astronomers  have  divided  the  neavetu 
into  parcels,  called  oonateilatiMU :  these  are  a  numl>er  of  fixed  stars,  lying 
contiguous,  irhich  are  supposed  to  be  circumscribed  by  the  oudine  of  some 
vOBud,  or  odur  iinaaiaary  figure.  Stars  which  are  not  included  wiilun  the 
constellations,  are  cafied  unformed  stars.  The  stars  in  each  constellation 
sre  generaDy  distinguished  by  letters  of  the  Greek  alphabet,  and  some  of 
the  prindpal  have  proper  names :  thus  the  star  marked  a,  in  the  constellation 
of  TauiuB,  is  called  .^/defraran. 

The  wandering  stars  are  those  bodies  within  our  system  which  revolve 
round  the  sun ;  uiey  appear  luminous,  by  reBecting  uie  light  they  receive 
from  the  sun,  and  are  of  three  kinds,  namely,  primary  planets,  secondary 
planets,  and  comets. 

PtiHART  PLANETS  are  those  bodies  which,  in  revolving  round  the 
sun,  respect  him  only  as  the  centre  of  their  tevoludon ;  thdr  motions  are 
regularly  performed  in  tracks  or  paths,  caUed  obbits,  which  are  nearly 
ciTeulai  and  concentric  with  each  o^er. 

A  SECOKDASY  PLANET,  Called  also  a  SATELLITE  or  MOON,  is  a  body 
which,  while  it  is  carried  round  the  sun,  also  revolves  round  a  primary 
planet,  which  it  respects  as  its  centre. 

Comets  are  a  kmd  of  planets  which  move  round  the  sun  in  very  eccentric 
orbits,  and  in  various  airections,  having  vast  atmosdieres  about  them, 
■nd  tails  of  a  bury  or  nebulous  appearance,  espedally  when  they  are 
near  the  sun. 


b,  Google 


UAKIDS  SnXTETIKG. 


qn»ana4:  tliM  vtt  b*  otrtdnMl  ^  bwe  mad  ai^  DfbiMifcwgU 
triai^e^  Ifae  perpwidinihr  of  wliich  being  found,  ml  be  Amiiof^-^t  Ae 
otgectabOre  the  bornontal  pUne,  to  irhidi  add  the  h^fat  of  die  eye: 

Or,  by  remoriiu;  either  tomnli  or  from  ^  otijact,  ontU  the  angle  flf 
dention  be  4ff>,  taehoriiontaldutance,  added  to  tbehogfattrf' the  eye,  vSI 
gin  the  hcigbt  of  the  olject 


From  the  bottom  of  a  tower  I  measured  200  feet  on  a  hoiisontal  plane; 
I  thm  took  the  angle  of  elevation,  and  found  it  46>  SC,  the  bdght  of  my 
eye  being  6  feet :  required  the  hd^t  of  the  tower. 


In  the  triao^  a  b  c  are  given  the 
ride  A  B  SOO  feet,  and  the  angle  a  a  c 
40>  SC,  to  find  the  perpendicuhr  b  c. 


Aaiadliu 10.00000 

!■  to  the  distance  ABOTDB  900...     3.30103 
SoutoDg.  an^eBAa49>S0' 1O.0S276 

To  the  perpendicular  BO      910.?    9.39378 
Hrigbt  of  tlie  eye  a  d  or  b  b    6      

BeJghtofthetoweroB  ...  Slfl.7ieet 

If  the  height  of  the  olnect  be  known,  and  the  ani^e  of  elevadon  observed, 
the  horisontll  distance  of  the  eye  may  be  found ;  for  in  this  case  theie  wSl 
be  ^ven  the  perpendicular  and  angles  of  a  right-angled  triangle  to  find  die 
base  or  distance  required. 

Tojhtd  the  Height  of  an  inaeimtibie  Otgect. 

Measure  the  angle  of  elevation  at  a  convenient  distance  firom  the  givoi 
object ;  then  remove  in  a  direct  line  ftom  the  object,  and  again  observe 
the  angle  of  elevation,  the  distance  between  the  stations  being  carefully 
measured :  hence  will  be  given  one  nde  and  the  angles  of  an  oblique-angled 
triangle,  with  which,  find  tiie  less  of  the  other  sides.  Now  that  side  will 
be  the  hypothenuse  of  a  right-angled  triangle,  the  perpendicular  of  whidi 


UAAIIIE  BOKVSYIMO.  180 

Iff  finmd,  and  At  hd^t  of  the  eje  added  to  it,  their  mim  wSI  Ift  the 
^t  ofthfeolgect 


Wantiiie  to  know  Uie  height  of  a  lighthouse  above  the  lerd  of  the  sea, 
snd  not  bang  able  to  measure  its  homontal  ^Btance,  I  took  the  ande  of 
dersatm,  ana  found  it  to  be  31°  45',  and  after  removing  boa  it  120  faUDma, 
I  obacrvad  the  an^  of  elevation  to  lie  21°  SO':  required  the  hoght  of  the 
U^thoTue. 


In  die  trian^  a  b  c  are 

S'vat  thean^  ACB  21° 20*} 
eaiMilfiCAB  10° 25';  and 
the  nde  c  b  120  bthoms,  to 
find  the  nde  b  a. 


Aiiel«AO« 21°  aO*  Ai  Bine  angle  CAB  10°2S' 9.35:^1 

Aj^^bc 148     16  Is  to  the  side  o  B  laO    3.07918 

Soiiameaiigl«Ao»21°a>'  9.660B5 

I6B    35  

180     0  11.64009 

9.26731 


Angle  OAB 10    26 


To  the  ride  A  B  341. 4 2.3 


In  the  light-wigled  triangle  a  b  d  are  given  the  angle  a  b  n  81°  46',  and 
the  hypothenuse  a  i  241. 4,  to  find  the  perpendicular  a  d. 

Aaradioi  10:00000 

Is  to  the  hypothenuse  AB  241.  4...     2.38374 
Soisrineof  aiigleABD31°45'...    9.73116 


To  the  peipeadieolar  A  n  137 3.1 


Hence  the  height  of  the  lighthouse  ia  127  &thams,  or  769  fleet  above  the 
level  of  the  sea. 

In  thifl  exaroi^  the  hoght  of  the  eye  is  n^lected;  for,  supposing  the 
obaervatimia  to  nmve  been  made  in  a  boat,  Uie  eye  would  neany  coincide 
with  die  Btu£ice  of  the  water,  and  hence  the  oinission  would  lead  to  no 
matenfu  erroi^ 

Shorter  methods  nught  have  been  given  for  solving  the  ^>ove ;  but  as 
the  present  is  worked  Erectly  by  the  Rules  of  Trigonometry,  it  U  more 
likeqr  to  be  rebuned  in  the  memory. 

t2 
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To  find  the  Distance  of  Oftjectt  at  Sea  by  Meant  of  the  Curvature 
of  the  Earth. 

To  the  Icwarithm  of  the  diameter  of  the  earth,  increaaedby  the  hoghtof 
the  ^e,  a<u  the  logarithm  of  that  height,  and  half  the  sum  will  be  die 
loganthmof  the  diAsnce  of  the  visible hoiinm  in  feet;  from  which  tubinet 
the  conataat  logarithm  S.  783904,  and  the  Temiundei  will  be  the  (Uatanceii 
naudcal  miles,  to  which  add  a  twelfth  part  of  the  distance,  on  acconniof 
teneatrial  lefiractifm. 

EXAMPLE. 

At  what  distance  is  the  visible  hoiuon  from  a  person,  whose  eye  is  denttd 
laO  feet  above  the  sutface  oT  the  watei  P 

Diameter  of  the  earth  in  feet 41804400 

Height  of  the  eye  120        Log-  9.07S181 

41804530       Log.  7-621233 

9  700404 

Distance  in  feet 70827.6        Log.  4^850209 

Constant  Log.  a  783904 

Distance  in  nandcal  miles 11.65  Log.  1.066298 

Add  one-twelfth  port 0.97  — 

Distance  oorrected  tai  refraction..  12. 62 

When  the  height  of  a  distant  olgect  appearing  in  the  horison  is  ^nsi 
its  distance  from  the  eye  is  found  by  adding  tt^ether  the  distances  snemr- 
ing  to  each  height.    (See  ExpUnation  to  Table  XX.) 

To  find  the  Distance  of  an  Oiject,  by  obeerving  the  Interval  beitoten 
the  Flaah  and  Report  of  a  Gun. 

Multiply  114S  (the  number  of  feet  sound  travels  in  a  second)  by  ^ 
number  of  seconds  in  the  above  interval ;  and  the  product  wilt  be  the 
distance  in  feet,  which,  divided  by  6079,  wiU  ^ve  the  distance  in  ntutial 
miles. 

EXAMPLE. 

A  ship  at  sea  was  observed  to  file  a  gtm,  and  S4  seconds  aftCTwaidi  !&> 
report  was  heard :  required  the  distance  of  the  ship  from  the  observer. 

1142  multiplied  by  34  gives  27408,  the  distance  in  feet,  which,  dindcd 
1^  6079,  f^ves  4j  mfles. 
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ASTRONOMY. 


ASTRONOMY  b  a  sdence  vhich  treats  of  the  modone  and  distftnces 
of  the  heavenly  bodies,  and  of  the  appearanceB  thenee  aridng. 

A  gnat  variety  of  opinions  prevuled,  at  difierent  times,  among  phi- 
losophers of  former  ages,  concerning  the  order  and  arrangement  Sf  the 
terml  parts  of  the  universe,  or  of  the  positions  of  those  bodies  which 
■ppeu  m  the  heavens.  The  most  eminent  Astronomers  of  the  present  day 
Mij^xjie  the  universe  composed  of  an  infinite  number  of  systems  or  worlds^ 
that  ia  every  system  there  are  certain  bodies  moving  in  free  space,  and 
revtJving  at  different  distances  around  a  sun,  placed  m  or  near  the  centre 
of  the  ^Btem,  and  that  these  suns  and  other  bodies  are  the  atara  which  are 
teen  in  the  heavoig. 

The  Stars  are  distingmshed  into  two  kinds,  vix.^fiiced  and  vjomdering. 
The  fixed  stars  are  supposed  to  be  suns  in  the  centre  of  tiieir  systems, 
iMning  with  their  own  light,  and  preserving  always  \he  same  situations  with 
respect  to  each  other :  they  are  usually  divided,  according  to  their  apparent 
Bjundour,  into  different  classes,  called  magnitudea ;  the  brightest  being 
denominated  stars  of  tiie  first  magnitude ;  die  next  to  them  in  brightness, 
of  the  second  magnitude ;  and  so  on  to  those  stars  that  are  scarcely  visible 
to  the  naked  eye,  which  are  termed  stars  of  the  sixth  or  seventh  magnitude. 

In  order  to  assist  the  mnnory.  Astronomers  have  divided  the  neavens 
into  parcels,  called  conatellationt :  these  are  a  number  of  fixed  stars,  lying 
contiguous,  which  are  supposed  to  be  circumscribed  by  the  outline  of  some 
■ntBttI,  01  otber  imaadnaiy  figure.  Stars  which  are  not  included  wiUun  the 
constellations,  are  caiOed  unformed  stars.  The  stars  in  each  coDStellation 
■re  generally  distinguished  by  letters  of  the  Greek  alphabet,  and  some  of 
the  prindpal  have  proper  names:  thus  Uie  star  marked  a,  in  the  consteDadon 
of  Taurus,  is  called  Jldebaran, 

The  wandering  stars  are  those  bodies  within  our  system  which  revolve 
niuud  the  sun ;  they  appear  luminous,  by  reflecting  the  light  they  teceave 
from  the  sun,  and  are  of  three  kinds,  namely,  primary  plMieU,  seetmdary 
platuta,  and  comets- 

PaiUAEY  PLANETS  are  those  bodies  which,  in  revolving  round  the 
sun,  respect  him  only  as  the  centre  of  their  revoludon ;  their  motions  are 
i^golariy  performed  in  tracks  at  paths,  called  oebits,  which  are  neariy 
orcular  and  concentric  with  each  other. 

A  sEcoNDAKT  PLANET,  Called  also  a  SATELLITE  OT  HOON,  Is  a  body 
which,  while  it  is  carried  round  the  sun,  also  revolves  round  a  primaiy 
planet,  which  it  respects  as  its  centre. 

CoHETB  are  a  kind  of  planets  which  move  round  the  sun  in  very  eccentric 
oibits,  and  in  various  diiecUons,  having  vast  atmospheres  about  them, 
■nd  tails  of  a  hury  or  nebulous  appearance,  especially  when  they  are 
Martheeun. 
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OF  THE  80LAB  SYSTEM. 

The  soLAB  STBTEM  ia  that  in  which  our  euth  is  {diced,  uid  in  wfakl 
the  nm  is  BUppoaed  to  be  fixed  near  the  centre,  with  serenl  bodin  amibr 
to  our  earth  revolving  round  hint  at  difierent  cB>tuice8.  This  hypotbesi, 
which  b  the  only  one  that  can  exphun  «U  the  phenomena  cf  the  hearoih 
bodies,  is  said  to  have  been  first  taught  by  Pytna^oras ;  after  whose  time  X 
remuBed  many  ages  in  obhTion,  until  it  was  leviTed,  in  the  begimiing  c( 
the  nxleenth  century,  by  Copemiens,  and  has  nnce  been  ftilly  lanhliiliiJ 
on  the  firm  basis  of  denon«trat»»  by  dw  immortal  Newton. 

There  are  deTenprimary  plaoete  in  our  system,  aoeoupaiued  by  at  katt 
rixteen  satdlites.  TTie  names  of  the  primary  ^anett,  with  tbdr  chmcien, 
reckoned  in  order  from  die  Sun  O,  are  as  fmrow: — Mernny  9,  Veaoa  9, 
Earth  $,  Mars  S,  Vesu  B,  Juno  f,  Ceres  f,  Pidks  $,  J^Oxr  *, 
Saturn  h,  and  Uranus,  Herwhel.  or  Gcrnnmn  Sidui  v  (°^  Plate  VL 
PlK.I.) 

Mercuty  and  Venus  are  called  inferior  plaruta,  becaoae  diett  ortnts  as 
within  the  Barth^s ;  the  others  ue  called  niperior  plaittU,  as  their  onbitB 
include  that  of  the  Earth. 

The  primary  planets,  accompanied  by  dtcir  aateHitet,  revolve  roond  the 
sun  from  west  to  east,  in  various  portions  of  tfane,  wlmh  ace  called  th« 
periodic  rmohUbm,  or  anmtat  motion ;  die  pUnes of  their  oridts  aUpan 
through  the  centre  of  the  sun,  but  an  indined  note  or  leas  to  dwt  of  the 
earth,  crossing  it  in  two  points,  called  Nodea. 

Although  to  an  observer  placed  in  the  sun,  the  planets  would  a 
move  in  due  order  about  him,  from  west  to  east,  yet,  since  the  e 
in  the  centre  of  the  system,  dietr  apparent  morions  in  the  bcaveoa  are  vtiy 
irr^ular :  sometimes  they  appear  to  move  from  west  M  east,  soil  thsa  Is 
stand  sdD ;  then  they  seem  to  move  from  east  to  WMt,  and  4Aer-'al8a£i| 
some  time,  they  again  move  from  west  to  east,  and  soon  continually:.  Tie 
notioa  of  a  planet  from  west  to  east  is  called  the  direct  motion,  or  aeooc&it 
to  the  order  of  the  ogns.  The  contrary  motion  from  east  to  woat  is  cnM 
retrograde ;  and  when  die  planet  appears  to  stand,  still,  it  is  said  to  k 
ttatioitary. 

The  situation  of  a  pUnet  in  the  heavens,  as  it  would  appear  if  neen  ftoa 
the  sun,  is  called  its  heliocentrie  piaoe ;  and  as  seen  fiinn  Aa  earth,  it* 
geocentrie  place. 

The  angular  distance  of  a  planet  from  the  sun  is  termed  its  ei 

When  a  planet  Is  in  the  some  part  cf  the  heavens  with  the  i 
bodies  are  said  to  be  in  coT^function ,-  and  when  their  anguhu:  c 
180°,  in  oppoaition.     The  same  terms  are  used  with  respect  to  ai^  oths 
two  celesdal  bodies. 

We  now  proceed  to  ^veamoreparticular  description  of  the  sun  and  the 
planets. 

The  Sun,  that  great  fountun  of  heat,  light,  and  vegeatam,  is  a 
spherical  body,  placed  near  the  centre  of  the  orbits  of  all  tin  p 
diameter  is  about  882,000  Englbfa  miles,  and  it  turns  ri 
95  days  10  hours. 
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Mkkcitkt  IB,  of  aU  thi)  primary  planets,  tbe  nearest  to  the  Bun:  his 
diameter  is  about  SI  40  miles,  and  mean  distance  from  that  luminary  above 
96  millions  (tf  miles.  Ifis  pmodic  Tevolution  is  performed  in  87  days 
8S  hours. 

To  a  spectator  on  the  earth  this  planet  keeps  so  near  the  sun,  that 
we  can  sdoom  diocem  him  without  the  aid  of  telescopes :  he  appears  some- 
emes  a  little  before  auiuet,  and  at  other  tunes  a  little  after  sonnse. 

Vkkob  ia  the  oezt  planet  in  the  order  of  the  system,  and  is  disUnzuisbed 
by  b«r  n^erior  brilliwicy ;  her  diameter  is  7687  miles,  her  mean  ^stance 
bom  the  sun  neariy  68  millions  of  miles,  and  her  periodic  rerolutioo  is 
perfonied  in  SS4  di^s  1 7  hours. 

TUi  pbuKt'sppears  to  us  always  near  the  sun,  although  she  recedes  from 
In»  afarat  double  the  distance  cd"  Mercu^ ;  when  she  is  in  that  part  of 
bet  atit  which  is  west  of  the  sun,  she  rises  before  him  in  the  morning, 
and  is  called  Lucifer,  or  Uie  morning  star ;  and  vhea  she  is  in  the  eastern 
part  of  hei  orlut,  she  shines  ui  the  evening  after  he  sets,  and  is  called 
r«rHr,  or  the  evening  star. 

TbeEAK-tH,  or  |danet'which  we  inhabit,  U  about  7916  English  miles 
in  diameter,  and  is  about  95  miUions  of  miles  from  die  sun ;  it  performs 
a  fevolutioD  through  its  orbit  in  365  days  6  hours,  which  period  is  called 
a  jiwir,  and  revMves  round  its  axis,  from  west  to  east,  in  21  hours, 
wluch  occaaions  the  apparent  diurnal  modon  of  the  sun,  and  all  the 
besvaily  hollies  tound  it,  from  east  to  west,  in  the  same  time ;  it  is  of 
course  the  c«uae  of  their  rirang  and  settii^,  of  day  and  ni^t     The  ans 


of  the  earth  is  mcUned  23''  28'  from  a  perpendicular  to  the  plane  of  its 
,  and  beeps  in  a  direction  parallel  to  itself  throughout  its  annual 
le,  iduc^  causes  the  return  of  spring  and  summer,  autumn  and  winter. 


Thus  the  Aumal  motion  nves  us  the  gnteful  vicissitude  of  day  and  o^'t 
and  die  annual  motion,  the  regular  succession  of  the  seasons.  (See  Aste 
VLP^inrea.) 

Hie  eatth  is  attended  by  a  satellite  called  the  Moon,  whose  diameter  is 
■bout  2160  tniles,  her  mean  distance  from  the  centre  of  the  earth  above 
fS7,000  miles ;  ^e  goes  round  her  bibit  in  27  days  8  hours,  revcdving 
round  her  axis  in  die  same  time ;  but  die  interval  between  each  new  moon 
is  S9i  days ;  the  former  of  these  periods  is  termed  a  periodic  month,  and 
the  latter  a  aiptodie  month,  or  lunaOan. 

As  the  moon,  like  the  other  planets,  is  an  opaque  body,  and  borrows  her 
li^t  from  the  sun,  only  one  hemis{Aere  is  emigotened  by  the  solar  rays : 
boice  she  puts  on  various  appearances,  called  phatea,  during  her  monthly 
comae  nmnd  the  earth,  as  her  illuminated  side  is  more  or  less  turned  towarcu 
us :  when  she  is  in  the  same  part  of  die  heavens  as  the  sun,  her  dark  side 
bdng  turned  towards  us,  she  is  invisible,  and  this  part  of  her  period  is 
called  the  ohange,  or  time  of  new  moon ;  in  a  few  days  after,  as  she  advances 
to  the  eastward  of  the  sun,  we  see  a  small  part  of  her  enlightened  face,  and 
■he  asnunes  a  homed  appearance,  the  ctups  oi  points  being  turned  from 
the  sun  towards  die  east.  When  she  has  advanced  90"^  to  the  eastward  of 
the  sun,  we  then  see  half  her  illuminated  face,  and  she  is  then  said  to  be  in 
her^e^  quarter;  as  she  proceeds  on  her  Journey,  more  of  ha  enl^htened 
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vde  become*  vinble,  «id  die  tppeajs  of  aa  oral  or  gibboiu  tttm.  Al 
\eaaih,  when  ahe  is  io  oppositiw)  to  the  aim,  she  {neaeau  to  im  the  vbtfc 
of  hei  enlightened  fue,  uid  this  is  uUed  tba  time  ikfuU  moon.  In  per- 
forming  the  other  half  of  her  revolution,  she  wanes,  and  exposes  las  ml 
less  ef  her  enlightened  side^  till  she  entirely  disa|^>ears,  and  c«nes  sgiis 
in  cotyuactiDO  with  the  sun.     (See  Plate  VII.  Figure  1.) 

When  the  moon,  at  the  time  of  conjunctiMi,  is  directly  bttween  diena 
and  the  earth,  she  will  intercept  a  part  of  the  sun*8  rays,  and  thence  csok 
an  ecUpae  of  the  tun ;  and  when,  in  oppositiwi,  the  ewth  is  directly  betvon 
her  and  the  sun,  she  will  msb  through  die  shadow  of  the  e«rth,  and  caw 
an  eclipse  of  the  moon.  These  eclipses  would  happen  every  ieToliitia&  d 
the  moon  round  the  earth,  if  their  orbiu  were  in  me  same  plane ;  but  ibe 
moon's  orbit  is  inclined  to  the  esrthV  in  an  an^e  of  about  6  iegitea,  aoaa% 
it  in  two  oppodte  points,  coUed  the  moon's  nodes ;  henoe  eclipses  of  dw 
tun  and  moon  can  bappen  only  when  the  moon  is  in  or  near  one  of  the 
nodes,  she  being,  at  ul  other  times,  above  or  below  the  plane  of  die  earths 
orbit.     (See  Plate  VII.  Figure  2.) 

Mars  is  the  least  bright  and  el^ant  of  all  the  planets,  baiag  of  s  M 
red  or  fiery  colour,  supposed  to  arise  &om  the  density  of  bis  atatombeti 
his  diameter  is  41<K)  miles;  his  distance  from  the  sun  liS  millions  «  oula; 
his  periodic  revolution  is  performed  in  about  687  daysj  and  he  reralrei 
round  his  axis  in  24  hours  40  minutes. 

Mars,  as  well  as  all  the  other  superior  planets,  is  not  sulyect  to  the  bum 
limitatioiu  in  his  apparent  motion  as  Mercury  or  Venus,  but  appears  some- 
times near  the  sun,  uid  at  other  dmes  in  on>o8itioa  to  him. 

VssTA  was  discovered  by  Dr.  Olbers,  of  Bremen,  on  the  29th  of  Msnb, 
1807;  its  distance  from  toe  sun  is  about  SitSi  millions  of  miles,  and  the 
length  of  its  year,  3  years,  240  days,  5  hours.  This  planet  ^pesn  lib 
a  star  of  the  Sth  magnitudie. 

Jdno  was  dificoveml  by  Mr.  Harding,  of  LilienthaL  in  the  Ducbyi' 
Bremen,  on  the  1st  of  September,  1804.  It  appeus  like  a  star  of  the  Sih 
magnitude ;  is  distant  from  the  sun  about  263  millions  of  miles,  and  pcr- 
fbrms  its  revolution  in  4  years,  ISl  days. 

FiAZZi,  or  Ceres,  was  discovered  by  M.  Piaui,  the  Astronomer  Ro^ 
at  Palermo,  in  Sicily,  on  the  1st  of  January,  1801.  Its  periodic  revduMO 
is  4  years,  221  days,  13  hours;  its  diameter,  a*  computed  by  Dr.  Henchdi 
is  about  162  miles,  and  iu  distance  from  the  sun  about  263  milltcuu  d 
miles.  Ceres  appears  no  Uiger  than  a  star  of  the  8th  magnitude,  u^ 
therefore  cannot  be  seen  with  the  naked  eye. 

Pallas  was  discovered  by  Dr.  Olbers,  at  Bremen,  on  die  28th  of  Mirehi 
1802  i  it  is  distant  IVom  the  sun  near  263  millions  of  miles,  and  perfoM 
its  revohidon  round  it  in  4  years,  SSI  days,  17  hours.  Pallaa  sin>esnlikt 
a  star  of  the  7th  magnitude,  and  its  diameter  b  about  110  miles'. 

JiTPiTER  is  ihe  lat^est  of  all  the  planets,  and  is  easily  dtatingaished  ^ 
his  peculiar  magnitude  and  light.  His  diameter  is  nearly  90,000  mitM;  H 
disbmce  from  the  sun  above  485  millions  of  miles ;  and  he  perfomK  W 

*  VeilB,  Juno,  Cerei,  and  Pallu  are  caDed  AiUnndi. 
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aide  becomeg  viiible,  and  she  tppeaia  of  u  owl  «r  gibbeiu  (ana.  At 
leneth,  when  she  is  in  opponcuHi  to  the  iun,  she  fwetenu  to  w  die  rtok 
of  her  enlightened  fmce,  and  thia  is  called  Uw  time  of/utf  moon.  la  per- 
forming the  other  half  of  her  revolution,  she  wanes,  and  expoaeakasinl 
leas  eflier  enlightened  side,  till  she  entirely  disappean,  and  comei  agia 
in  conjunction  with  the  sun.     (See  Plate  VII.  Figure  I.) 

When  the  moon,  at  the  time  of  conjunction,  is  directly  between  the  wa 
and  the  earth,  she  will  intercept  a  part  of  the  aun'a  rays,  uid  tboiee  aim 
an  ecUpae  of  the  tun ;  and  when,  in  cf^sition,  the  eurth  is  directly  betvna 
her  and  the  sun,  she  will  pass  through  the  shadow  of  tlie  earth,  and  mm 
an  eclipae  of  the  moon.  These  edipses  would  kaKKm  every  rerolnlMii  of 
the  moon  round  the  earth,  if  their  orbiu  were  in  the  same  plane ;  bat  dt 
moon's  orbit  is  inclined  to  the  earth's  in  an  angle  of  about  5  degreea,  cronig 
it  in  two  opposite  points,  called  the  mooti't  nodea ;  henoe  «dipees  of  ik 
sun  and  moon  can  nappen  onl^  when  the  moon  is  in  or  near  one  of  ik 
nodes,  she  being,  at  all  other  times,  above  or  below  the  plane  of  the  esiikli 
orbiL     (See  Plate  VII.  Figure  2.) 

Mass  is  the  least  blight  and  elegant  of  all  the  planets,  being  of  a  dul 
red  or  fiery  colour,  supposed  to  arise  from  the  density  of  his  atmonliere; 
his  diameter  b  1100  miles;  his  distance  frx)m  the  sun  113  millions  of  milet; 
his  periodic  revolution  is  performed  in  about  6S7  days;  and  he  nralni 
round  his  axis  in  S4  hours  40  minutes. 

Mars,  as  well  as  all  the  other  superior  planets,  is  not  sulyect  to  the  mm 
limitations  in  his  apparent  motion  as  Mercury  or  Venus,  but  ^peais  wm- 
times  near  the  sun,  and  at  other  times  in  opposition  to  him. 

VxsTA  was  discovered  by  Dr.  Olbers,  of  Bremen,  on  the  29th  of  Mm^ 
1807;  its  distance  from  the  sun  is  about  StitBi  millions  of  miles,  and  ibe 
length  of  its  year,  3  years,  240  days,  5  hours.  This  plaoet  ^^>eBn  lib 
a  star  of  the  5th  magnitude. 

Juno  was  discovered  by  Mr.  Harding,  of  Lilienthal.  in  the  Duchjtf 
Bremen,  on  the  1st  of  September,  1804.  It  appears  like  a  star  of  the  SA 
magnitude ;  is  distant  from  the  sun  about  263  millions  of  miles,  and  pR- 
fbrms  its  revolution  in  4  years,  131  days. 

FiAZZi,  or  Cekes,  was  discovered  by  M.  Piazti,  the  Astronomer  Bo}[>li 
at  Faleimo,  in  Sicily,  on  the  Ist  of  January,  1801.  lu  periodic  revoIuBM 
is  4  years,  221  days,  13  hours;  its  diameter,  as  computeo  by  Dr.  Henchel, 
is  about  162  miles,  and  its  distance  from  the  sun  about  263  millioiu  <t 
miles.  Ceres  appears  no  larger  than  a  star  of  the  8th  magnitude,  ud 
therefore  cannot  be  seen  with  the  naked  eye. 

Pallas  was  discovered  by  Dr.  Olbers,  at  Bremen,  on  the  28th  of  Msrtli, 
1802 ;  it  is  distant  from  the  sun  near  263  milUons  of  miles,  and  pet^OTN 
its  rerohition  round  it  in  4  years,  221  days,  17  hours.  Pallas  appears  Bk 
a  star  of  the  7th  magnitude,  and  its  diameter  is  about  110  miles*. 

JcPiTER  is  the  largest  of  all  the  planets,  and  is  easily  disttngnished  br 
his  peculiar  magnitude  and  li^tt.  Hib  diameter  is  nearly  90,000  ankt;  n 
distance  from  the  sun  above  485  millions  of  miles;  and  he  petfiTins  tSs 

*  Veila,  Juno,  Ceres,  and  Pallu  are  called  Aitanddi. 
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aide  becomes  tisible.  Mid  dbe  iqipeari  of  aa  ortl  or  gibboua  (om.  At 
leiu^,  when  she  ia  in  oppoatuo  to  the  bud,  she  ]»esenti  to  w  the  whole 
of  tier  eolightened  faee,  aiid  this  is  esUed  the  tiiue  offuU  moon.  Is  per- 
fonDing  the  other  half  of  her  revolution,  she  wuiea,  and  ^■ipff^w  leae  and 
less  af  oet  enlightened  side,  till  she  endrely  disi^pears,  and  conea  again 
in  conjunction  with  the  sun.     (See  Plate  VII.  Fwure  L) 

When  the  noon,  at  the  time  of  conjunctioo,  is  directly  between  the  mm 
and  the  earth,  she  will  intercept  a  part  of  the  sua^a  rays,  and  tbenoe  ouite 
an  ecHpae  of  the  tun ;  and  when,  in  t^ipoutiim,  the  earth  is  directly  betweea 
her  and  the  sun,  she  will  pass  through  the  shadow  of  die  earth,  and  cmw 
an  eclipte  of  the  moon.  These  eclipses  would  happen  every  vevolulioD  at 
the  moon  round  the  earth,  if  their  orbits  were  in  ue  same  plane ;  but  die 
moon's  orbit  is  inclined  to  the  earth's  in  an  angle  of  about  5  degreea,  rrtTiniig 
it  in  two  opposite  points,  called  the  moon't  nodea;  hence  eclipaes  of  the 
nin  and  moon  can  nsppen  onl^  when  the  moon  is  in  or  near  one  of  the 
nodes,  she  being,  at  all  other  tunes,  above  or  below  the  plane  of  the  earths 
orbit     (See  Plate  VII.  Figure  2.) 

Maks  is  the  least  bright  and  el^ant  of  all  the  planets,  being  of  a  doB 
red  or  fiery  colour,  supposed  to  arise  &om  the  density  of  his  otmonihae; 
his  diameter  is  4100  miles;  his  distance  ftom  the  sun  142  millions  of  miles; 
his  periodic  revolution  is  performed  in  about  687  days;  and  h*  nvalvM 
round  his  axis  in  24  hours  40  nunutes. 

Mars,  as  well  as  all  the  other  superior  planets,  is  not  sulyoct  to  the  aaae 
limitadons  in  his  apparent  motion  as  Mercury  or  Venus,  but  appears  sone- 
timee  near  the  sun,  and  at  other  dmes  in  opposidon  to  him. 

VcsTA  was  ^scoveied  by  Dr.  Olbers,  of  Bremen,  on  the  S9th  of  Marah, 
1807;  its  distance  from  the  sun  is  about  22S1  millions  of  miles,  and  the 
length  of  its  year,  3  years,  240  days,  5  hours.  This  planet  ^>pears  like 
a  star  of  the  5th  magnitude. 

Juno  was  discovered  by  Mr.  Harding,  of  LiUenthaL  in  the  Duchy  of 
Bremen,  on  the  1st  of  September,  1804.  It  appears  like  a  star  of  the  8th 
magnitude ;  is  distant  from  the  sun  about  S53  milliotu  of  miles,  and  per- 
forms its  revolution  in  4  years,  131  days. 

PiA2zi,  or  CxRES,  was  discovered  by  M.  Piazii,  the  Astronomer  Royal, 
at  Palermo,  in  Sicily,  on  the  1st  of  January,  1801.  Its  periodic  revdudon 
is  4  years,  221  days,  13  hours;  its  diameter,  as  computed  by  Dr.  Heracbel, 
is  about  162  miles,  and  its  distance  from  the  sun  about  263  milliona  at 
miles.  Ceres  appears  no  Urger  than  a  star  of  the  8th  magnitude,  and 
therefore  cannot  be  seen  with  the  naked  eye. 

Pallas  was  discovered  by  Dr.  Olbers,  at  Bremen,  on  die  XSth  of  Mard, 
180% :  it  is  distant  fVom  the  sun  near  263  millions  of  miles,  and  perfonu 
its  rerc^tion  round  it  in  4  years,  221  days,  1?  hours.  Pallas  appears  like 
a  star  of  the  7th  magnitude,  and  its  diameter  is  about  110  mites'. 

JupiTEx  is  the  largest  of  all  the  planets,  and  is  easily  distingairited  by 
his  peculiar  magnitude  and  light  His  diameter  is  nearly  90,000  miles;  hb 
Aatance  from  the  sun  above  485  millions  of  miles ;  and  he  perf^n-ms  Ha 

■  VeiU,  Juao,  Cerea,  and  P*Uu  ue  called  Ailsrudi. 
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sde  becomes  vinble,  utd  ibe  qqieara  of  ob  owl  or  gibbeut  farm.  At 
length,  when  she  is  in  oppondon  to  the  lun,  she  prewDU  to  we  tlie  wboie 
of  £er  enUgbtened  fue,  md  this  is  called  the  tiine  oSfuU  moon.  la  per- 
fombg  the  other  half  of  her  revolution,  she  waoes,  and  caqpoaealeM  aad 
leu  af  tier  enligbteaed  iide,  till  she  entirely  disappevs,  aod  coaoes  ^aia 
in  ccHDJuncdon  with  the  sun.     (Sec  Plate  VII.  Figuie  I.) 

Woen  the  moon,  at  the  time  of  conjunclioa,  ii  diieody  between  the  ata 
and  the  earth,  she  will  intercept  a  part  of  the  ■Wa  raya,  and  diieaoe  cmm 
an  eciipae  of  the  aun ;  and  when,  in  (^position,  the  earth  is  directly  betweea 
her  and  the  Bun,  she  will  pasa  throngb  the  shadow  of  the  earth,  and  caoee 
an  ectipte  of  the  moon.  These  eclipses  would  baroeB  every  KevoluliaD  ct 
the  moon  round  the  earth,  if  their  orbits  woe  in  me  same  plane ;  but  the 
moon's  orbit  ia  inclined  to  the  earth's  in  an  angle  of  about  6  degrees,  croflmg 
it  in  two  opposite  points,  called  the  moon's  nodes ;  hence  eclipses  of  the 
sun  and  moon  can  happen  only  when  the  moon  is  in  or  near  one  of  the 
nodes,  she  being,  at  all  other  times,  above  or  below  the  {dane  of  the  eartb^ 
orbit     (See  Plate  VII.  Figure  9.) 

Mabs  is  the  least  bright  and  elegant  of  all  the  planets,  being  of  s  doll 
red  or  fiery  colour,  supposed  to  arise  from  the  density  of  his  adnoepboe; 
his  diameter  is  4100  miles;  his  distance  ftom  the  sun  143  milliinis  of  miles; 
his  periodic  revolution  is  performed  in  about  687  days;  and  ha  revolvei 
round  his  axis  in  24  hours  40  minutes. 

Mars,  as  well  as  all  the  other  superior  planets,  is  not  sulyect  to  the  same 
limitations  in  his  apparent  motion  as  Mercury  or  Venus,  but  spears  sooie- 
timee  near  the  sun,  and  at  other  times  in  opposition  to  him. 

Vista  was  discovered  by  Dr.  Olbers,  of  Bremen,  on  the  S9th  of  March, 
1807;  its  distance  from  the  sun  is  about  SftSi  millions  of  miles,  and  the 
length  of  iu  year,  3  years,  240  days,  &  hours.  This  planet  spears  like 
a  star  of  the  Sth  magnitude. 

Juno  was  discovered  by  Mr.  Harding,  of  LilienthaL  in  the  Duchy  of 
Bremen,  on  the  1st  of  September,  1804.  It  appears  like  a  star  of  the  8th 
magnitude ;  is  ihstant  from  the  sun  about  S53  millions  of  miles,  and  per- 
fbrras  its  revolution  in  4  years,  131  days. 

PiAzzi,  or  Ceres,  was  discovered  by  M.  Plain,  the  Astronomer  Royal, 
at  Palermo,  in  Sicily,  on  the  1st  of  January,  1801.  Its  periodic  revolution 
is  4  years,  S2I  days,  13  hours;  its  diameter,  as  computea  by  Dr.  Hersdid, 
is  about  162  miles,  and  its  distance  from  the  sun  about  S6S  millions  of 
miles.  Ceres  appears  no  lai^er  than  a  star  of  the  8th  magnitude,  and 
therefore  cannot  be  seen  with  the  naked  eye. 

Pallas  was  discovered  by  Dr.  Olbers,  at  Bremen,  on  the  S8th  of  Marrii, 
1602 ;  it  is  distant  ftvm  the  sun  near  S68  millions  of  miles,  and  perfonu 
its  revohidoD  round  it  in  4  years,  SSI  days,  17  boors.  Pallas  appears  like 
a  star  of  the  7th  magnitude,  and  its  diameter  b  about  110  miles*. 

Jupiter  is  the  laigest  of  fdl  the  planets,  and  is  easily  distingnirfted  In 
bis  peculiar  rownitude  and  li^it  His  diameter  is  neariy  90,000  miles;  fan 
distance  from  uie  sun  above  485  millions  of  miles ;  and  he  performs  Us 
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tide  becomes  vutt>le,  and  ahe  iqipeuB  of  bo  oral  or  gibbout  (ann.  At 
length,  when  she  is  in  opptMition  to  the  sua,  she  jweaenti  to  us  the  whole 
of  bei  enlightened  face,  aiid  this  U  called  the  time  of  fuii  noon.  In  per- 
fbming  the  other  half  of  her  revoluQon,  she  wanes,  and  ei|MMes  leae  aad 
less  af  lier  enlightened  tide,  till  she  entirely  disappeajs,  and  oomea  again 
in  conjunction  with  the  sun,     (See  Plate  VII.  Figure  L) 

When  the  moon,  at  the  time  of  conjunctiixi,  i«  directly  between  the  ma 
and  the  earth,  she  will  intercept  a  part  of  the  sun's  rays,  and  thmoe  caosc 
an  ecUpte  of  the  tun ;  and  when,  in  oppoaition,  the  earth  is  directly  between 
her  and  the  sun,  she  will  pass  through  the  diadow  f£  die  eartli,  and  caoee 
an  ecUpae  of  the  moon.  These  eclipses  would  hanxa  every  Kvolnaaa  <tf 
the  moon  round  the  earth,  if  their  <niiiia  were  in  me  same  ^ane ;  but  the 
moon^B  orbit  is  inclined  to  the  earth's  in  an  angle  of  about  6  d^xees,  — irrrig 
it  in  two  opposite  points,  called  the  moon's  iu>det ;  hence  eclipses  of  die 
sun  and  moon  can  oappen  only  when  the  moon  is  in  or  near  one  of  tk 
nodes,  she  being,  at  ail  odier  tunes,  above  or  below  the  plane  of  the  euth's 
orbit     {See  Plate  VII.  Figure  8.) 

Mars  is  the  least  bright  and  el^^ant  of  all  the  planets,  being  of  a  dni 
ted  or  fiery  colour,  supposed  to  arise  &om  the  density  of  his  aanoaphae ; 
his  diameter  b  4100  miles;  his  distance  from  the  sun  142  millionB  of  miks^ 
his  periodic  reroludon  is  performed  in  about  687  days;  and  ha  revolTei 
roimd  his  axis  in  24  hours  40  minutes. 

Mais,  as  well  as  all  the  other  superior  planets,  is  not  sul^iect  to  the  sane 
limitadous  in  his  apparent  motion  as  Mercury  or  Venus,  but  spears  soate- 
times  near  the  sun,  and  at  other  times  in  oppositioQ  to  him. 

VxsTA  was  ^Bcovered  by  Dr.  Olbers,  of  Bremen,  <»i  the  29th  of  March, 
1807;  its  distance  from  the  sun  is  about  2254  millions  of  miles,  and  the 
Iragth  of  its  year,  3  years,  240  days,  S  hours.  This  pUnet  appears  like 
a  star  of  the  5th  magnitude. 

Jdno  was  discovered  by  Mr.  Harding,  of  Lilienthal.  in  the  Duchy  of 
Bremen,  on  the  Ist  of  September,  1804.  It  appears  like  a  star  of  the  8th 
magnitude ;  is  distant  from  the  sun  about  26S  millions  of  miles,  and  per- 
fiirms  its  revolution  in  4  years,  131  days. 

PiAzzi,  or  Ckres,  was  discovered  by  M.  Fiaiii,  the  Astronomer  Boyal, 
at  Palermo,  in  Sicily,  on  the  Ist  of  January,  1801.  Its  periodic  reviJulion 
is  4  years,  SSI  days,  13  hours;  its  diameter,  as  computed  by  Dr.  Herachd, 
is  about  162  miles,  and  its  distance  from  the  sun  about  263  milluma  d 
miles.  Ceres  appears  no  larger  than  a  star  of  the  8th  magnitude,  and 
therefore  cannot  be  seen  with  the  naked  eye. 

Pallas  was  discovered  by  Dr.  Olbers,  at  Bremen,  on  die  S8th  of  Mardi, 
1802 ;  it  is  distant  ftom  the  sun  near  263  millions  of  miles,  and  perfi»m> 
its  rert^tion  round  it  in  4  years,  221  days,  17  hours.  Pallas  appears  Uke 
a  star  of  the  7th  magnitude,  and  its  diameter  is  about  110  miles*. 

Jttpitek  is  the  largest  of  all  the  planets,  and  is  easily  disunguidwd  bj 
his  peculiar  magnitude  and  light  His  i&imeter  is  nearly  90,000  milefl;  m 
distance  from  the  stm  above  485  raiUions  of  miles ;  and  he  performs  fan 
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periodic  KTolution  in  439S4  diys,  or  nenl^r  12  jeaxt,    Jupiter  complete 
tna  dinnul  revdudon  in  9  hours  and  56  nunutea. 

This  planet  is  attended  bv  four  ntellites,  invisible  to  the  naked  eye,  but 
tliKMigfa  a  telescope  tliey  nuxe  a  beautiful  appearance.  In  spealdng  m  them, 
-we  diatb^oirii  them  sccwding  to  their  daros,  into  the  first,  the  second,  &c. 
The  eclipses  of  tlwee  are  of  considerable  use  in  determining  the  longitude 
of  {Jaces  on  the  earth.  In  sieving  Jurater  throush  a  telescope,  we  find 
aereral  sOeaks  or  lines  orei  his  equatonal  parts,  which  are  called  his  belts: 
Aeae  are  euppoeed  to  arise  fiom  tlie  swifhiess  of  his  diiunal  motion,  which 
draws  his  clouds  and  vapours  into  those  forms. 

Satvbn  was  reckoneid  die  most  remote  planet  of  our  system,  before  die 
cbacorery  of  the  planet  Herechel,  now  called  Uranus.  He  shines  but  with 
a  pale  and  feeble  light ;  his  diameter  is  about  T606S  miles ;  his  distance 
mm  the  snn  above  S90  millions  of  miles,  and  his  periodic  revolution  in  his 
orUt  is  performed  in  about  29  years,  1 67  days.  Saturn  revolves  round 
his  «iis  in  10  hours,  29  minutes,  and  is  attended  by  seven  satellites. 

This  planet  is  surrounded  by  a  Uive,  broad,  double,  and  limiinous  ring, 
■«acBMuu»ftom  it  equal  to  the  breadth  of  the  ring.  This  f^enomenon  is 
quite  different  from  all  others  in  the  planetary  system,  and  appears  intended 
to  increase  the  quantity  of  light  received  (torn  the  sun,  which,  on  account 
of  the  vast  distance  of  the  planet,  must  be  very  smalL 

Ukakus,  or,  as  it  is  sometimes  called,  the  Georgiuh  Sinus,  was  dis- 
covered on  March  the  13th,  1781,  by  Dr.  Herschel;  though  there  are  many 
reasons  to  suppose  it  had  been  seen  before^  but  had  been  conddered  as  s 
fixed  star.  Its  diameter  is  about  35112  miles;  its  distance  from  the  sun 
upwards  of  1800  millions  of  miles,  and  its  periodic  revolution  in  its  orbit  is 
perfonned  in  83  years  and  62  days.  This  pUnet  is  attended  by  ax 
satdlites,  wliich  were  likewise  discovavd  by  Dr.  Herscbel. 

The  number  of  CoUkts  that  bas  been  recorded  in  history  is  very 
great,  amounting  to  several  hundreds.  One  oftbe  most  remarkable  of  these 
erratic  bodies  is  that  which  appeared  in  the  years  15SI,  1607,  and  1689, 
and  was  predicted  bv  the  celebrated  Dr.  Halley  to  reappear  in  the  year 
1759,  which  it  actuaUydtd;  passing  ite  perihelion,  or  nearest  distance  nom 
tbe  Bun,  on  the  12tii  of  March  in  tnat  year,  its  periodical  revolution  being 
rasde  in  about  76  years.  The  next  return  of  this  comet  to  its  perihelion  has 
been  calculated  by  M-  De  Pontteoulant,  a  French  astronomer,  to  take  place 
on  the  7th  of  November  18S5. 

OF  THE  SPHERE. 

JVltbough  the  celestial  bodies  are  placed  at  different  distances  from  tbe 

earth,  as  vc  have  just  seen,  yet  an  observer  living  upon  the  earth,  is  not 

naturally  sensible  uieret^,  but  imaf^es  them  all  to  be  dtuste  in  one  concave 

surface,  of  which  the  earth  is  the  centre. 

Likewise,  though  in  reality  the  cause  of  day  and  night  is  tbe  rotation  of 
the  earth  round  its  own  axis ;  and  of  the  seasons,  its  motion  through  its  own 
wbit  in  a  year;  yet  to  a  spectator  on  the  earth  these  appear  to  be  effected 
by  the  motion  of^the  sun  or  heavens. 

And  as,  in  most  astronomical  problems,  it  is  the  apparent  or  relative 
motions  only  that  we  have  to  determine,  therefore,  for  the  ease  of  calculation^ 
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and  nnce  it  smouDtt  to  the  same  thing  wbiAioew  way  tltese 
are  effected,  astTonomers  connder  it  more  coBtaiient  to  mmpow 
otgccts  placed  in  one  cobcare  sphere,  u  above,  and  to  wnffie  to  tbm  ill 
the  motioiu  which  they  nem  to  have,  while  the  earth  it  coiuidoted  at  bong 
at  teat  in  the  centre. 

In  order  to  point  oat  the  poauotu  of  the  heavenly  bodiea  in  Ae  cdotiil 
q>hcre,  certain  pointi,  linei,  and  circles  are  nippoaed  tobedeacribed  dwrton. 

Cirdefupon  a  Bphere  arc  either  great  or  leMer.  Agnatdrete'uiiaiviKm 
plane  passes  through  the  centre  of  the  sphere.  A  iaaer  cirofe  ia  that  vhnc 
plane  does  not  pa^  through  the  centre  of  die  aphne:  hence  all  great  didci 
upon  a  sphere  divide  it  equally,  and  all  leaaer  drdei  divide  it  uuequtUj. 

Thoae  two  pomu  on  the  surface  of  a  sphere,  whidi  are  eqindiatant  ma 
every  part  of  the  circumference  of  one  of  its  great  drdea,  are  called  At 
polea  a(  that  great  ctrele. 

If  we  imagine  the  axis  of  the  earth  produced  to  the  celeatial  apboe,  it 
is  then  called  the  aana  of  the  heaeenSt  and  its  extremitiea  marie  out  tm 
points  in  the  sphere,  which  are  called  the  ceiettial  volet,  or  Uie  psiet  if 
the  world.-  one  is  termed  the  north  pole,  and  the  otlier  the  aouth  foh.  It 
ia  about  these  pmnts  that  all  the  heavenly  bodies  appear  to  faav*  a  dimul 
levolution. 

The  plane  of  the  equator,  in  like  manner  prodoced  to  the  beaveni^  fim 
a  cffde  called  the  cehiiial  equator,  or  equtno^ial,  whose  poles  aie  tboK 
of  the  world.  This  cirde  divides  the  heavens  into  two  equal  paits,  ciU 
the  northern  and  eouthem  hemiephereM. 

Any  celestial  body  situated  in  the  eqiunoctial  will  a|qiear  to  desoibt  i 
great  drde  in  the  heavens,  and  those  bodies  which  aze  situated  noctb  ff 
south  of  it,  will  describe  small  circles :  those  atan  situated  at  either  pole  *i 
appear  at  rest. 

The  drcle  whidt  bounds  the  view  of  a  spectator,  at  sea,  or  on  an  opa 
plane,  is  termed  the  apparent,  or  vieible  horismn ,-  a  aide  whose  pIsK 
passes  throi^h  the  eye  of  an  observer,  perpendicular  to  a  plumb-line  bi^- 
11^  freely,  is  called  the  aenaible  horixon ;  and  a  cirele  parallel  to  thn, 
passing  urough  the  centra  of  the  earth,  is  the  rationai  hoHxon:  these  tn 
circUe  in  the  sphera  of  the  fixed  stars  may  be  conndered  as  one  and  dK 
same*. 

The  xeniih  of  a  place  is  that  point  in  the  heavens  immediatdy  Avf 
the  place,  and  the  nadir  is  that  point  immediately  under  it  Hence  ibe 
senith  and  nadir  are  the  poles  of  the  rational  horiaon. 

Aximuth,  or  vertical  circles,  are  great  cirdes  passing  throu^  the  lealli 
and  nadir,  and  therefore  intersect  the  horixon  at  right  angles.  That  vertiol 
cirde  which  passes  through  the  east  and  west  points  of  the  horizon,  is  caUed 
th.e  prime  vertical. 

Celestial  meridians,  or  cirdea  of  right  ascension,  are  great  drd" 
passing  through  the  poles  of  the  world,  and  cutting  the  equinortial  at  ligk 
angbs.  Twenty-four  of  Uiese  drdes,  which  divide  the  equinoctial  iau 
equal  parts,  each  containing  15  degrees,  are  called  Aour-ctrc^. 

*  For  the  <U*ldoD  of  tlie  boiitoa  Into  point*,  &c.  *ee  the  Mariner'a  ComfuM,  lypMit 
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Tbe  KMrUIofi  t^  a  place  on  the  ceiMti^  ajium.  is  that  vertici)  drde 
wUdi  puan  tbiougb  the  u^,  cifisses  the  eauinoctkl  st  right  onglee,  and 
inteiKctB  the  botiiaii  st  the  north  snd  soutl)  poian.  True  mae  is  ibe 
tenettiul  msridiia  of  a  phue  eitended  to  the  heaveha :  it  divides  the 
beaveiis  into  two  bmuspherea,  temed  the  eaatem  and  western.  When 
the  son  is  opon  the  mendian  of  a  place  above  the  horiaoa,  it  is  noon ;  and 
under  the  boriion,  it  is  midn^ht.  On  this  drcle  the  latitude  of  a  place  is 
radoned,  bting  alwqrs  equal  to  the  elevation  of  tbe  poie  above  the  hoidxob, 
or  to  the  djatance  of  tbe  lenitb  fiom  the  equinoctiaL 

Tbe  aUUmle  of  a  odettial  object  is  an  arch  of  a  vertical  circle  inter- 
cepted between  the  centre  of  the  ot^ect  tad  the  hoivon. 

The  Menith  dutanct  is  an  ardi  of  a  vertical  circle  contuned  between 
tbe  olmct  and  tbe  aenith.  When  tbe  olgect  is  on  the  meridiHi,  its  altitude, 
or  aemdi  dtstince,  it  called  the  meridian  altitude  or  meridian  xatith 
dietmee. 

The  aarJMtrtA  ia  an  ardi  of  tbe  horiion,  contained  between  tbe  aiininth, 
m  vertical  drde,  pasang  throu^  the  centre  of  the  object*  and  tbe  meridian 
of  the  place. 

The  aMpUttade  ia  an  ai^  of  the  horinm,  contuned  between  Ae  centre 
of  the  object,  when  rising  or  setting,  and  Uie  east  or  west  points  of  tbe 


The  ecliptic  is  that  great  dide  in  die  heavens  which  tbe  sun  appears  to 
describe  in  tbe  ooutk  m  a  year,  and  is  the  orbit  of  tbe  earth  extended  to 
tbe  cdestial  spbere.  It  is  mdined  to  the  equinoctial,  in  an  angle  of  about 
28°  t^,  aJka  die  cbHgtiitf  of  the  et^iptie,  and  cots  it  in  two  pMnU 
diunebkally  oppodle,  called  toe  egitino^uH  pointa.  Those  two  points 
of  the  ecliptic,  -90  d^reea  distant  from  the  equinooti^  points,  are  called 
tbe  aol^itiai  pomta. 

Tbe  elliptic  is  divided  into- twdve  equal  parts,  called  «^g7i«,  each  oontain- 
it^  80  d^^rees :  these  are  tfans  marked  and  named. 

I.    Ariea       t         I       i-    Cancer  S        I    7>    Libra  a    j   10.  CipriflDmn*  vr 

S.    Tuinii    a  ft.    Leo        Si  8.    Scorpio        ni    I   II.  Aquarius      a 

S.    Gouni  II  I       8.    Virgo    ii«        |    0.    SagitCariua  f     |   11  PuOM  x 

The  first  six  signs,  being  <ni  the  north  side  of  the  equinoctial,  are  termed 
nvrthemaigiu;  andthelartsix,on  tbe  south  side,  are  called  wuJ!Aem«^ti« 

Tbe  two  points  of  tbe  echplic  which  coincide  with  the  equinoctial,  are 
the  beginning  of  Aries  and  Olva;  tbe  former  of  these  is  called  the  oemai 
afviiKMr,  and  ^  lattn'  the  autturmal  eqvmoB, 

Tbe  two  B<dBtitial  points  are  rituated  at  the  beginning  of  Cancer  and 
CwricoTn,  and  ate  called  the  auitmer  and  wmter  mitticea. 

That  great  drcle  which  passes  through  tbe  equinoctial  points  and  the 
potea  of  the  earth,  ia  caUed  tbe  tquiooctiai  colurei  and  that  great  circle 
which  wHiea  through  tbe  solstitial  points  and  the  poles  of  the  earth,  is 
called  tke  aaMUioi  oofare. 

The  suo  enters  Ae  beginning  of  Aries  about  the  Sls(  of  March ;  he 
then  moves  ibrward  in  the  ecliptic,  and  advances  towards  the  nordi  pole  till 
he  enters  Cancer,  iriiich  h^ypens  about  tbe  S9d  of  June;  then,  continoing 
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llMaDliMiaceMHlbgtO'tbe<mler«f  tfa«  ngns,  beanNU«Uly  Rcedesfiw 
dw  north  pole,  udaboot  tbeSSd  of  Sepundiereiitera  libn;  still  «drae- 
ii^  in  the  ed^rtac,  be  geto  neua  to  the  Muth  pcde  ull  be  eoten  Camkon 
•boot  the  CSd  of  December;  after  whidi,  retunung  to  the  nortbwaTd  mnngb 
tlie  hut  tbiee  i^nt,  he  again  enters  Aiiea,  and  thus  oonpleles  hii  aBBW 
oonrseu 

The  Kodiac  is  a  'P*'*  >°  ^^  heavcau  extending  about  8  dmees  on  Mck 
side  of  the  ecliptic,  like  a  belt  or  prdle,  within  whidi  all  the  [Sanels  tiffm 
to  perform  their  revidutioni.* 

GrcUt  of  longitude  in  the  celestial  sphere  are  great  ordfea  pamg 
dirough  the  poles  of  die  ecliptic,  and  therefore  cut  the  eclq>tic  at  ti^ 
■nglea. 

The  right  tucetuioa  of  a  cdestial  body  is  an  arch  of  tbe  eqamocnl, 
contained  between  tbe  first  point  of  Aries  and  that  point  of  tbe  eqiUDoelid 
which  la  cut  by  a  meridian  passing  throu^  the  object 

The  tueeniional  d^i^ence  is  an  arch  of  the  equinoctial,  intercepted 
between  the  sun  or  star  s  meridian  and  that  point  m  tbe  equinoctial  tbt   I 
rises  with  the  object  ! 

Tbe  obiique  atcermon  or  detcentiim  is  tbe  sum  at  difierence  of  the  li^ 
ascenrion  and  ascensioDal  diffioence. 

The  declination  of  an  object  is  an  aich  of  a  mendian  contained  betvni   ; 
the  equinoctial  and  the  centre  of  the  object     It  is  called  north  «  Huft   ' 
decUnation,  according  as  the  object  is  on  the  north  or  south  side  of  tb 
equinoctial 

Tbe  aolar  dittanee  is  an  arch  of  the  meridian  contained  between  \k 
centre  of  die  object  and  either  p<Je  of  the  equinoctiaL 

The  latitttde  of  any  object  in  the  hesTena  is  an  arch  of  a  <nrcle  of  cda- 
dal  longitude  intercepted  between  the  object  and  the  ediptic,  and  is  cJM 
oordi  or  south,  accorang  as  the  object  is  nordi  or  aoudi  a(  the  ed^lk. 

The  longitude  of  a  celestial  body  is  an  aidi  of  the  ediptio,  intero^td 
between  the  first  point  of  Aries  and  a  cirde  of  longitude  passing  thnn^ 
the  centre  of  tbe  object 

Tbe  tropica  m%  two  lesser  drdes  parallel  to  the  equinoctial,  at  sboel 
28°  S8'  distance  from  it,  touching  the  ecliptic  at  tbe  solstitial  points :  Ae 
northern  tropic  touches  the  ecliptic  at  the  b^inning  of  Cancer,  uti  is  thence 
called  the  trt^ric  of  Cancer ;  the  southem  tropic,  touching  the  ediptic  d 
die  be^nning  of  Capricorn,  is  dierefore  called  the  tropic  of  Capricorn. 

Tbe  p(^r  circlea  are  two  lesser  cirdes,  about  23"  its'  (fistant  fiom  ibt 
poles  of  the  equinoctial :  that  about  the  north  pole  is  called  the  oreAadref^ 
and  the  other  the  antarctic  circle. 

In  order  to  illustrate  the  preceding  definitions,  let  the  cade  kuho 
(Plate  VII.  Figure  3)  represent  the  Mlestial  meridian,  a  the  sonlh,  sod 
V  the  nadir,  of  a  plat^  at  a  ;  Ao  the  sensible  boriion  of  the  pbue,  windi 
may  be  considered  as  coinciding  with  mo,  the  rational  borison,  tkeuarit 
and  south  points  bdng  o  and  h,  and  the  east  and  west  ptnita  at  i ;  ad 
z  B  N  an  asimuth  or  vertical  circle,  cutting  tbe  borison  in  b  ;  likewise  let  the 

*  Eneptlog  th«  newIf^diacoTerad  PUneU,  M  Aitercldt— Vmu,  Juno,  Com.  ud  SiJt^ 
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fine  vp  be  the  celeBtial  axis,  wbose  pole  p  it  elevated  Aom  ^  ntimsl 
horiion  equal  to  the  Istitude  of  the  place.  Now,  if  v  be  consideTed  as  die 
place  of  a  star  in  the  heaTene,  vsirillbeiu  aldtude,  vz  its  senith  distoBee, 
HB  its  aamnth  from  the  south,  or  lo  from  the  north.  If  die  star  be  nip- 
posed  to  rise  or  set  at  f,  the  arch  p  t  will  be  itt  amplitude  firom  the  east  or 
welt;  and  if  the  star  be  at  g,  on  the  meridian,  g  h  will  be  its  meridian  alti- 
tude, and  G  z  its  meri^an  lenith  fstance. 

.^;uo,  let  P  J)  represent  the  celesdal  axis,  as  before;  the<nicle  zHMo,lbe 
solsQdal  colure;  kq  the  equinoctial,  of  which  pp  are  the  poles;  pop  a 
aide  of  right  ascension;  s  Wj  the  ecliptic;  arits  poles;  XLr  adrcleof 
lon^tnde;  25  bb  the  tropic  of  Cancer ;  w  v»  the  tropic  of  Capricorn;  aii 
the  arctic  circle ;  and  rm  the  antarctic  circle.  Then  if  v  be  Uie  place  of  a 
stir,  vsvilL  be  its  declination;  v  p  or  vp  its  poUu  distance;  l  vita  latitude; 
and  1 1,  its  longitude. 

THE  DIAMETER  OF  THE  SUN,  MOON,  Ac 
The  apptarent  diameter  of  the  sun,  moon,  &c.  is  the  angle  under  which 
they  aopear  to  an  observer  situated  on  the  earth ;  the  quantity  of  which 
depends  upon  the  real  magnitude  of  the  object,  and  its  distance  &om  the 
observer.  Thus,  let  ab  (Plate  VII.  Figure  4)  represent  the  real  diameter 
of  a  (Bstant  object,  the  eye  being  at  c ;  then  the  angle  a  c  b  is  its  apparent 
diameter :  now  if  the  eye  be  removed  further  from  the  object,  as  to  s,  its 
apparent  diameter  wiU  be  the  angle  as  b,  which  is  evidently  less  than  the 
ugle  A  c  B ;  likewise  if  the  real  diameter  be  increased  to  e,  its  apparent 
diameter  will  likewise  increase,  for  the  angle  e  d  b  is  greater  than  the  angle 

ADB. 

The  nin^B  raparoit  senidiameter  is  set  down  in  Page  1 1,  of  eadi  Month 
in  the  Nautical  Almanac,  for  every  day ;  but  its  mean  eemidiainetei,  wbicb 
is  W,  is  used  in  common  practice,  as  it  never  deviates  half  a  minute  from 
diat  qnantity.  The  moon  s  semidiameter  varies  considerably  during  her 
monthW  revolution  round  the  earth,  and  is  set  down  for  every  ISth  hour  in 
Page  III.  of  each  Month  in  the  Nautical  Almanac  The  apparrat  semi- 
diameter  there  given  is  the  angle  under  which  it  would  be  seen  when  in  tjw 
horoon,  or  from  the  centre  of  the  earth ;  but  since  t^  mocm  ia  neara  tJts 
obsirTer,  by  a  semidiameter  of  the  earth,  when  in  the  senitb  than  when  in 
the  borison,  and  as  this  di0erence  bears  a  senrible  proportion  to  the  mooa*s 
distmce  frmn  the  earth's  centre,*  the  semidiameter  given  in  the  Almanac  is 
to  be  increased  by  a  quantity,  called  the  augmentation,  depending  on  ita 
altitude,  which  ia  contained  m  Table  VII. 

The  distance  of  the  sun  from  the  earth  bong  immense  when  compared 
with  the  earth^s  semidiameler,  the  augmentation  of  the  sun's  apparent  semi- 
diameter  ia  theiefine  insensiUe.  The  apparent  semii^ameter  of  a  planet  is 
so  snail,  that  it  is  sddom  noticed  in  calculatioiis.  The  fixed  stars  nave  no 
senile  ^parent  magnitude,  even  when  viewed  through  the  most  powerful 
telescopes. 


*  Tb«  moon  Ii  BboDt  00  temidiuiietera  of  th«  earth  diiunt  troa  thi  earth*!  a 
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DEPSE8S10N  OF  THE  HOSIZON. 

The  depre$tion,  or,  as  it  it  geaerally  called,  the  dip  of  the  honion,  ii 
the  aiwle  contwned  between  the  sensible  aod  apparent  borixona,  the  angalw 
point  bang  the  eye  of  the  observer.  Now  as  the  altitudes  of  all  c^ttiil 
bodies  obserred  at  sea,  are  measured  from  the  apparent  hoiison,  whk^  ii 
bdow  the  aenaible  by  a  quantity  depending  on  the  height  of  the  eye,  then 
aldtudea  are  greater  when  taken  by  a  fore  obserration,  and  hu  whn 
observed  by  a  back  observation,  than  they  should  be,  by  a  quantity  eqiul 
to  the  anfi^  contained  between  the  two  horiions.  Thua,  let  iic 
(Plate  Vir  Figure  6)  represent  part  of  the  surface  of  the  eaitb,  and  it 
the  hdf^t  of  the  observer's  eye;  ihen.r  eg  will  repreaciit  the  smobl^ 
and  ■  H  the  apparent  horiioiu ;  and  therefore  the  angle  f  k  b  will  be  tlit 
depresdon,  or  dip,  of  the  apparent  below  the  sensible  horison.  Let  k  be 
an  object  whose  altitude  ia  to  be  observed  by  briogisg  its  image  in  contKl 
with  the  apparent  hoiWHk ;  then  will  the  angle  h  z  n  be  tae  observed 
aldtude,  which  is  greater  thwi  the  angle  h  c  f,  me  altitude  from  the  seoshle 
boriion,  by  the  ai^le  f  s  B.  In  die  back  observation  the  observed  altitude 
is  M  E  L,  to  which  the  an^  h  k  f,  equal  to  g  a  e,  must  be  added,  to  obtui 
the  altitude  above  the  sensible  boiison  f  e. 

The  cUp  of  the  horison  is  afiected  by  terrestrial  re&action,  which,  acccndiiig 
to  Dr.  Maskelyne,  amounts  to  i^  the  whole  a^le;  but  several  aatronenoi 
differ  in  opinion  respecting  Uie  quuitity.  In  Table  V.  of  thia  Work,  MA 
contains  the  dip  answering  to  different  heights  of  tbe  observer,  Jt  >c  •lIo'«) 
on  the  whole  angle. 

HEPflACTION. 

The  rays  of  Eght  which  proceed  from  a  celestial  boi^,  <»  enteriiig  At 
atmosphere  in  an  oblique  direction,  are  bent  out  of  tbor  rectilinear  cooBi 
and  incline  more  and  more  towards  the  centre  of  the  earth  as  they  pM 
deeper  into  the  atmo^ihere,  and  hence  enter  tbe  eye  of  an  observtt  m  i 
dH^rent  direction  from  that  of  the  object,  and  mi^  it  appear  h^xt  tbn 
its  real  place.  The  difference  between  the  rmL  and  iq)paient  ^aces  etibt 
heavenly  bodies,  as  aihcted  by  the  passi^  of  the  rays  of  light  tliroi^h  At 
atmosphere,  is  odled  tfie  nfraction  of  tbe  object.  Let  a  a  c  (Piste  VII. 
Figure  6)  represent  tbe  sorftce  of  the  earth,  on  whidi  the  obaervcTtt«<i 
at  A,  and  D  F  F  the.  surrounding  atmosphere :  now  the  raya  of  Ugfat  irtiA 
proceed  from  an  object  at  z  in  the  aenith,  faUing  perpendieidariy  en  'i' 
atmosphere,  are  not  refracted  thereby,  but  continue  in  the  saase  oifMWO 
till  they  reach  the  eye  of  the  observer.  But  if  tbe  rays  prooeed  from*  hadj 
not  in  the  lenith,  as  at  »,  they  fUl  on  the  atmosphere  obUquely,  mdv 
bent  or  rdhtcted  into  a  curve  indining  towards  die  earths oatra at  r;  suf 
as  tbe  observer  perceivea  objects  in  tne  direction  (hat  the  imya  fnooceiliit 
from  them  enter  the  eye,  betbaKfere  imagines  the  body  n  to  be  atrr*^ 
diffownce  of  these  places,  or  the  arch  a  r,  is  the  rvfraotiw  of  the  idgeol  ia 
altitude-  Thus  also  if  the  rays  Irom  a  star  at  s  pass  on  to  the  eye  1?  ■ 
curveJine  d  a,  the  observer  judges  that  star  to  be  in  the  direction  of  iJi^ 
side  of  this  curve,  twminating  at  the  eye;  that  is,  be  concnves  it  tobeitl< 
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in  the  dfacctioii  $  a,  touduBg  the  curve  Kt  the  point  a,  when  it  snten 
the  eye. 

Toe  more  (HiKqaely  the  njrB  enter  the  atmo§phere,  the  more  lliey  will 
be  bent  out  of  thai  reotilinear  course,  and  hence  the  greater  will  lie  the 
rafrtetion.  The  quantity  of  redaction  likevise  increases  vith  the  dennty 
(rf*  the  atmosphere. 

FrtHn  what  has  been  said,  it  follows  that  an  object  at  the  lenith  is  not 
siAjeet  to  rcAadion ;  bat  that,  as  the  distance  frmn  the  smith  increases, 
ibe  rdtaction  beooraes  perceptible,  and  is  proportionably  greater  as  Uie 
body  obserred  is  further  from  the  aenith,  unw  it  reaches  the  norison,  where 
Ae  lefroction  is  greatest.  Also  that,  by  the  effect  of  refraction,  the 
heavenly  bodies  appear  more  elevated  above  the  horiian  than  they  really 
are ;  and  therdbre  the  amount  of  refraction  is  to  be  subtracted  from  the 
M^arent  altitude  of  an  object :  in  consequence  of  this,  it  likewise  happens 
that  the  son,  stars,  &c.  may  be  actually  below  the  horison  when  they  are 
seen  above  it ;  and  haice  they  appear  to  rise  sooner,  and  set  later,  than 
they  would  otherwise  do. 

PAHAIXAX. 

We  have  already  observed,  that  the  sensible  and  rational  horizons  may 
b«  jxmsidered  as  coinciding,  when  extaided  to  the  sphere  of  the  heavens. 
liuB  assumption  will  lead  us  to  no  sensible  error  with  respect  to  the  stars, 
wbiidi  are  at  su^  an  immense  instance  from  us,  that  the  earth  in  comparison 
is,  S8  it  vtve,  but  a  mere  point ;  but  with  respect  to  the  sun,  moon,  and 
phuiets,  the  earth's  senudiamets  must  be  taken  into  consideration,  in 
dedudng  oureoncluuons  from  observations  made  upon  those  bodies. 

The  situation  of  a  cdestial  body,  when  viewed  from  the  surface  of  the 
6«th*  is  odled  its  apparent  place ;  and  that  part  of  the  heavens  where  it 
would  be  seen,  if  observed  at  the  same  time  from  the  centre  of  the  earth,  is 
eoUed  its  true  ptace.  The  difference  between  die  true  and  apparent  places 
is  temed  the  paraUoie  ctf  the  olgect. 

In  order  to  illustrate  ihe  nature  of  parallax,  let  a  h  w  (Plate  VII. 
Figure  7)  miMaeDt  the  earth,  a  the  place  of  an  observer  on  its  sai£ice, 
wboae  sensihle  htwiioii  is  &  o,  rational  horiion  h  o,  and  sentth  at  z ;  also 
let  s  G  be  part  of  a  vertical  circle,  whose  radiua  is  the  distance  of  the  moon 
from  the  urth's  centre;  f_g  put  of  a  vertical  drde*  whose  radius  is  the 
dittififi'  of  a  jdanet  from  the  earth's  centre,  and  z  o  a  vertical  circle  in  the 
sfibeis  of  the  statL  Now,  to  a  spectator  at  a,  if  the  moon  Appear  in  a,  its 
af^nrent  place  in  the  heavens  will  be  at  a .-  but  if  viewed  from  the  centre 
T,  its  true  place  will  be  at  the  point  b;  the  difi^ence  of  these  places, 
incaittred  by  the  arch  a  b,  ia  its  paraUao!  in  altitude 

But  if  the  moon  be  in  the  seoable  horison  at  g,  iu  apparent  place  will 
be  at  «,  aad  ita  true  place  at  n ;  the  arch  o  n  is  called  its  horixoatal 
paraiiiur.  Meieover,  u  ^  be  the  pUce  of  a  planet  in  the  horizon,  the  arch 
od  w^  be  ita  horisontd  paiollAz ;  and  if  its  place  be  at  r,  the  arch  a  b  will 
be  its  parallax  in  ^tude^ 

The  parallax  of  an  object  is  greatest  at  the  horison,  and  gradually 
dinaoiabea  as  the  body  rises  above  the  hniion,  until  it  comes  to  the  zenith. 
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wbme  the  pmlkx  tuUks.  Tbiu  o  d  and  od,  tbe  kariiBtd  ftaUttei 
of  o  and  ^t  ire  greater  than  a  a  or  a  6,  dto  parallaxes  of  s  andr,-  sad  lit 
otgccta  at  B  or  r,  seen  from  a  or  T,  will  appear  in  die  same  plare  i,  or  dn 
snith.  Tbe  parallaies  of  dtfinent  objects  are  leas  or  greater,  ai  llm 
Directs  are  more  or  less  distant  horn  the  earth.  Thus  tbe  paraUax  as«f 
the  moon  g,  is  greater  than  tbe  parallax  o  d  of  the  planet  g.  It  is  likeiriK 
arident  from  the  Figure,  that  the  altitude  of  an  object  seen  &om  ibecanfa'i 
snriace,  is  less  tbati  it  vould  be  if  seen  from  the  centre ;  henoe  tbeptnflB 
is  to  be  added  to  the  apparent  iddtude,  in  order  to  obtain  the  Izue  muit 
The  moon^s  parallax  is  greats  than  that  of  the  other  bcarady  bodie^ 
owbg  to  its  bong  nearer  tine  earth ;  at  the  horiscm  it  vanes  mm  abott 

61'8«"to5S'62",       ■  ■  '         '     "        '       ■ 

Naalieal  Almanac. 

the  planets  is  variable,  according 

parts  ol  their  otiuts. 


ta  oemg  nearer  uie  earui ;  at  tne  nonnm  it  Tanes  rrom  sm 
5S'  52^  and  is  set  down  in  P^  III.  o(  each  Mondi  is  dr 
Almanac.  The  sun^s  mean  horuontal  parallax  ia  St'  i  thit  <t 
s  is  variable,  according  to  thur  distance  from  us  in  ute  diSoctf 


TIME. 


Time  is  a  part  of  duration,  and  is  measured  by  tb«  motinis  ef  Ae 
heavraily  bocUes.     It  is  divided  into  years,  months,  days,  hours,  kc 

A  day  is  the  interval  between  two  successive  transits  of  the  snn,  mm 
or  a  star;  and  ia  denominated  dther  a  solar,  lunar,  or  atdeieal  itft 
according  to  tbe  name  of  that  body  to  which  it  is  referred. 

A  ridereal  day  is  the  interval  between  the  transit  of  a  star  am  i 
meridian,  and  its  return  to  the  same ;  and  since  the  revohrtaoD  of  the  fA 
<m  its  axis  is  always  ooformed  in  the  same  portion  of  time,  tbe  aidensl  dqi 
will  be  of  equal  lengUi.  The  day  is  divided  into  84  sidereal  hours,  sad  diM 
agun  an  subdivided  into  sidereal  minutes  sad  seGonds.  The  sidcresl  df 
commences  when  the  first  point  of  Aries  passes  tbe  meridian,  and  — *^~~' 
"" '         'eoirecko 


until  its  return  to  the  same.  This  mode  of  reckoning  is  used  by . 
in  their  observatories,  where  there  is  generally  a  clock  pointii^  out  aiBui 
time,  by  which  they  ascertain  the  right  ascensions  of  the  heaverdy  faodisi,  m 
they  pass  the  meridian  of  the  place. 

A  aolar  or  apparent  day  u  the  interval  betwem  the  nut's  dspsitn 
from,  and  return  to  the  same  meridian.  It  is  divided  into  24  solar  hoiin,u^ 
Uiese  again  are  sididivided  into  minutes  and  seconds :  »m  pratian  sf  dit 
ds7  is  called  trtw  f^iparvnf  or  M&ir  tune,  and  is  that  wbko  is  shewn  by* 
sun-dial. 

The  length  of  the  solar  day  bong  subject  to  continn^  variatiMi  ■ 
account  of  the  eccentridtv  of  the  earth's  orbit,  and  the  oUiqui^  of  ^ 
ecliptic  to  the  equinoctial,  Astronomers,  with  the  view  of  obtainiK* 
convenient  and  uniform  measure  of  time,  have  recourse  to  what  they  w  * 
mean  tolar  day,  the  length  of  which  is  equal  to  the  mean,  or  averse,  of  ^ 
the  apparent  solar  days  in  a  year;  such  as  would  be  shewn  by  the  sun  if  it 
moved  always  uniformly  in  the  equinoctial:  a  clock,  or  chronometer,  (hvA 
is  said  to  be  adjusted  to  meau  Hme. 
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TIME.  IfiS 

A  iHfn.aolitdkj'ia  longer  tbui  a  ndereal  OM;  for  as  the  Ani,'to  tts 
iqipsnat  ftnaaal  taodoa,  advances  io  the  ecUp^  nesrljr  a  degree  eastward 
even  day,  it  will  take  more  tiine  than  a  fixed  star  to  return  to  the  eame 
mendian ;  the  mean  solar  day  exceedit^  the  sidereal  day  by  8  m.  56. 5Gs. 
<i(  sideieal  time.* 

Since  we  can  obt«n  only  apparent  time  immediately  from  observations  of 
the  heavenly  bodies,  we  must,  m  order  to  reduce  this  to  mean  time,  apply  a 
cnrection,  call  the  fi^uafiono/h'meitfdcen  from  Page  I.  of  the  given  month 
in  the  Nautical  Almanac,  and  applied  as  directed  at  the  bead  of  its  column ; 
but  ^uld  we  have  occasion  to  reduce  mean  time  to  apparent  time,  then  the 
eqaatio»ia  to  be  taken  from  Page  1 1,  of  the  Nautical  Almanac,  and  applied 
aa  directed  in  that  pace. 

Suppose,  for  example,  it  were  required  to  find  the  time  that  should  be 
shewn  by  a  clock  or  chronometer,  keeping  mean  time,  on  March  1st,  1835, 
at  8  hours  after  the  sun  has  passed  the  meridian  of  Greenwich,  that  is, 
at  3  bouTB  of  apparent  time,  or  what  is  generally  called  3h.  P.M. 

In  Page  I.  for  the  month  of  March,  in  the  Nautical  Almanac,  the  equation 
of  time,  on  the  first  day,  is  12m.  42.14b.  at  apparent  noon,  and  the  change 
in  one  hour,  na  shewn  in  the  following  column,  is  0,497s.;  this  multiplied 
by  3,  the  number  of  hours  since  noon,  gives  1 .  191a.-f- which  being  subtracted 
mHn  lSm.4S.  14a.,  because  the  equation  is  decreasing,  leaves  l^m.  40.65s. 
for  tiie  reduced  equation :  now,  add  tills  quantity  to  3  hours,  the  apparent 
time,  as  indicated  at  the  top  of  the  column,  and  the  sum  Sh.  ISm. 
40. 65a.  ja  the  mean  time  whicn  ought  to  be  shewn  by  the  chronometer 
when  the  solar  or  apparent  time  is  8  hours  past  noon  on  March  1st,  at 
the  ncndian  of  Greenwich. 

On  the  contxaiy,  if  on  the  same  day,  at  3  hours  of  Greenwich  mean 
timfl^  ve  KQuired  the  CMresponding  appwent  time,  then  12m.  40.7f)B,,  the 
eqnstiob  at  time,  taken  man  Page  II.  of  the  Nautical  Almanac,  and 
reduced  as  above,  is  to  be  subtracted  from  the  mean  time,  3  hours,  and* 
the  remainder  2h.  47m.  19.^s.  will  be  the  corresponcUng  apparent  time 
at  Greenwich. 

Again,  suppose  it  were  required  to  find  the  mean  time,  on  April  15th, 
1835,  coirwponding  to  15n.  8m.  30s.  apparent  time  at  Greenwich. 
Now,  in  this  case  the  equation  of  time  on  the  preceding  apparent  noon 
is,  by  Page  I.  of  the  monto  in  the  Nautical  Almanac,  Om.  7-  94s.  additive 
to  theiqipaient  time;  but  on  thefoUowingnoonit  is  Om.  7.07s.  eubtractive; 


for  the  eooation  first  decreases  to  0,  and  then  increases;  consequently 
tbe  sum  m  -the  two  eqnations,  15.01s.,  is  the  amount  of  the  change  in  24 
boors;  the  difierence  for  one  hour,  0,625,  multiplied  by  1 5,  the  hours  sine 


nooa  at  Greenwich,  wilt  give  the  product,  0.378.,  whicti  being  greater  than 
Oaa.  7.94s.,  the  equation  at  the  preceding  noon,  the  latter  is  to  be  subtracted 
from  it,  and  the  remainder  1.43s.  will  be  the  reduced  equation  of  time,  to 
be  anbtracted  ticao  13h.  8m.  SOs.,  the  given  apparent  time  at  Greenwich, 

*  A  liderea]  dxj  ii  squivalenl  to  23h.  SSm.  1. 09a.  of  mom  time ;  and  ■  inaao  loUr  daj 
coat^ni  2tb.  Sm.  SS.SSs.  of  udereal  time. 

i-  Tta  corMBfkn  for  the  daily  chuige  or  TarUtion  of  the  eqoMlon  of  time,  may  be  found 
niffidently  exact  for  most  practical  pnrpoM*  by  TBl>Ie  LI.  — See  the  EipanadeD  to 


(Kcordiug  to  the  precept  at  the  head  of  the  column) ;  aikd  the 
16b.  8  to.  SS-STb.  will  be  the  correspondii^  mean  lime  at  Gteenvidi. 

A  lunar  day  b  the  int£rval  between  the  moon's  posniw  a  raerifian  ul 
letum  to  the  same,  its  length  being  about  24h.  49m.  of  aolar  tune:  btt 
the  moon's  motion  in  the  heavens  being  very  irr^ular,  the  lanai  di^  ■ 
never  employed  as  a  measure  of  time. 

There  are  three  different  modes  of  reckoning  line  with  respect  to  die 
commencement  of  the  day ;  these  are  denominated  civU,  ostrmemc^ 
and  nautical. 

The  cit)U  day,  which  is  that  used  hy  the  generaliw  of  mankind,  htp» 
at  midnight,  and  ends  at  the  midnight  following :  it  is  oivided  into  two  [Mrt 
of  IS  hours  each  i  the  first  are  manced  A.  M.,  stgniMng  ante  meruRem, » 
before  noon;  and  the  latter  twelve  are  marked  P.M.,  ngufyiiig  pt 
meridiem,  or  afternoon. 

The  astrtmomical  day  commences  twelve  hours  after  the  civil  day,  Ail 
is,  at  noon,  and  concliuJes  at  the  following  noon :  it  is  generallv  reaoDed 
through  the  24  hours,  from  noon  to  noon ;  and  what  are  by  the  dfil, «   I 
common  way  of  reckoning,  called  morning  hours,are  by  ABtronomers  rcckoneil 
in  succession  from  12,  or  midnight,  to  24  hours :  for  insUnce,  9  o'dock  is   ' 
the  morning,  July  Sd,  civil  time,  is  July  2d  at  21  hours  astronomical  om- 

It  thus  appears  that,  from  noon  to  midnight,  the  day  of  the  month,  aH 
the  hour  of  the  day,  are  the  same  by  both  methods  of  reckoning;  but  &(• 
midnight  to  noon  tfiey  differ;  for  at  midnight,  when  the  new  dvil  d^ 
begins,  the  astronomical  day  of  Uie  same  date  nill  not  commence  li 
12  hours  after. 

The  nautical  or  aea  day  begins  at  noon,  or  12  hours  before  the  at! 
day,  and  ends  at  noon  of^the  civil  day;  it  is  divided  into  two  putntf 
IZbours  each,  the  former  being  marked  P.M  ,  and  the  latter  A.M.  Tlit 
mode  of  reckoning  arises  from  the  custom  of  seamen  dating  th^  logb 
the  preceding  24  hours,  the  same  as  the  civil  day ;  so  that  occuimca 
whicn  happen,  for  instance,  on  Monday,  2lBt,  afternoon,  are  enteredii 
the  log  marked  Tuesday,  22d.  Hence  the  noon  of  the  civil  day,  tk 
beginning  of  the  astronomical  day,  and  the  end  of  the  naudcal  day,  tilt 
place  at  the  same  moment. 

Ships  in  the  Royal  Navy,  and  some  merchantmen,  date  their  log  sctoid- 
ing  to  the  civil  mode  of  reckoning,  calling  the  first  12  hours  A-M^iad 
the  latter  P.  M.,  hut  make  up  the  day''s  work  as  usual,  from  noon  to  noon,  c* 
at  the  middle  of  the  civil  day. 

All  the  computations  in  the  Nautical  Almanac  being  made  for  astro- 
nomical time  at  the  meridian  of  Greenwich,  (the  days  commencing  oAe 
at  apparent  or  mean  noon,  as  expressed  at  the  top  of  the  several  pa^})>> 
will  be  necessary,  before  the  quantities  are  reduced  to  the  time  of  obBemtion. 
to  ascertain  the  correspondine  time  at  Greenwich  when  the  observslian '» 
taken.  Now,  by  the  diurnal  revolution  of  the  earth  round  its  asii  ftw 
West  to  East,  all  the  heavenly  bodies  appear  to  move  in  a  cootniT 
direction,  that  is,  from  East  to  West,  over  SGVP  o{  hagitade  in  24bo4m 
which  is  at  the  rate  of  15  degrees  in  one  hour  of  time;  consequently,  X  | 
any  place  situated  15  degrees  U)  the  eastward  of  the  meridian  ofGieenndh    , 
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it  «41  be  tMon  il  that  place  see  houi  before  it  is  noon  at  Greeowidi; 
but  if  the  pkoe  be  in  15  d^prees  of  West  lon^tude,  it  will  be  noon 
tkere  one  hour  afiar  it  is  noon  at  Greenwich,  ana  in  the  same  proportion 
for  aoj  «ther  gives  longitude:  hence  ve  have  the  following  rule  for  a8cer> 
t»irring  the  time  at  Greenwich  corresponding  to  any  given  time  under 
another  meridian. 

R1T1.E,  Kediioe  the  given  longitude  into  time  by  Table  XIX-j  and  add 
it  to  the  astronomical  time  at  the  given  place,  if  the  longitude  be  West ;  but 
subtract  it,  if  East ;  and  the  sum  or  remmder  will  be  the  corresponding 
Greenwich  tine. 

In  East  lonntode,  when  the  Icmgitode  in  time  exceeds  the  time  under 
the  given  meridian,  add  S4  hours  to  Uie  latt«t,  and  subtract  as  before; 
then  die  remainder  will  be  the  time  past  noon  of  the  preceding  day. 

In  West  longitude,  when  the  sum  of  the  longitude  m  time,  and  the  time 
voder  the  given  meridian,  exceeds  24  boors,  take  S4  hours  from  it,  and 
tbe  ranainder  inll  be  the  time  past  noon  of  the  following  day. 

EXAMPLE  1. 

Wliat  will  be  the  time  at  Greenwich,  on  October  5th,  whra  it  is  6  houra 
past  noon,  in  longitude  45°  SO"  West  ? 

h.  ID. 

Tiine  undir  the  giTen  neridiaa  6    0 

Longitude  in  tinu  (SIS.)   8    3  Wml 

ConaqMo^i^  time  under  the  meridlui  of  Oraenwidi 9    S 


EXAMPLE  IL 

Required  tbe  time  at  Greenwich,    corresponding   to  July  SIst,  at 
91i.  43m.  30s.  A.  M.  (dvil  time),  in  longitude  Tff'  1£K  East. 

li.  m,  1. 
Indian,  JuhfaOtll  ...  SI  48  30 
a    S  18  East. 


itQrMnwieh,  Jidraihh 16  VJ  U 


EXAMPLE  III. 


February  15th,  bring  in  longitude  115°  36'  E.,  an  observation  was  taken 
at  2h.  48m.  !E6s.  P.  M. ;  required  the  correepon^ng  Greenwich  lime. 


Tine  of  ObaemUon  at  SUpt  Fabniary  15th... 

Ditto  after  noon,  Febniaiy  Hth 

Loogitade  in  time  (XIX.)    

Onenwftb  tiBe,  FMmuHT  Uth  
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EXAMPLE  IV. 

March  21at,  tt  6h.  46m.  17i.  A.  M.  (dvil  time),  ia  longitade  IfKP  lO* 
Wert ;  lequiied  the  correspondiiig  artzononiical  time  U  GieeDwidi. 


Aittonomlc*!  tiiiMatOtWDirich,^iiceii(H>D,HBralia0Ui...  27  28  £7 
84 

Dltu  u  Onnwkb,  HHch  Slit »....„....    3  28  $7 

EXAMPLE  V. 

November  l»th,  1835,  in  lon^tude  49°  IT  W.,  at  4h.  46m.  17a.  P.  M^ 
apparent  time ;  required  the  mean  time  at  Greenwich. 


h.m.  ■. 

„ - 4  «  17 

LonpludB  in  lime  tXIX.) 8  17    8  W. 


Appueot  tima,  Id  longitade  49°  17  W 4  4S  17 


ApnvtQt  tima  at  Oraeawteh   8    3  9ft 

Badnced  «quBtloD  at  time  <P*ge  I.  Naat.  Aim.)    —  16  43 

Mean  time  at  Qraanwich 7  47  43 


WINDS. 


THE  air,  or  atmosphere,  which  encompasfieB  out  terraqueous  globe,  and 
extends  several  miles  above  its  surface,  is  bv  its  elasticity  capable  of 
being  expanded,  or  of  spreading  itself  so  as  to  fill  up  a  larger  space  than  it 
before  occupied,  and  of  being  condensed  or  compressed  into  s  less  space. 
The  principal  causes  in  producing  these  effects  are  neat  and  cold ;  the  former 
rarefying  or  expanding,  and  the  tatter  condensing  or  compressing  the  air: 
when,  therefore,  any  pordon  of  it  becomes  heated,  the  cooler  or  denser  aii 
from  the  neighbouring  parts  will  acquire  a  motion  towards  the  thinner,  in 
order  to  restore  the  equilibrium,  and  thereby  occasion  those  currents  of  air 
which  are  called  VP'iruia. 

Although  various  causes  may  contribute  to  produce  this  inequality  in 
the  density  of  the  atmosphere,  yet  the  most  general  and  permanent  is  the 
influenccof  the  sun*B  rays,  by  which  the  ur  in  the  regions  about  the  equator 
being  heated  to  a  greater  degree,  and  consequently  more  rarefied  than  that 
whicn  is  nearer  to  either  Poles,  the  more  ponderous  or  dense  air  will  have 
a  motion  fivm  the  north  and  south,  in  order  to  preserve  the  equilibrium; 
but  as  the  sim  is  continually  shifting  to  the  westward,  that  part  towards 
which  the  air  tends,  by  reason  of  the  rarefaction,  is  with  him  carried 
westward,  and  consequently  the  tendency  of  the  -wbdie  body  of  six  is  that 
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way ;  hence  a  general  easterly  wind  is  formed,  which  bong  impressed  upon 
ill  the  air  of  a  vast  ocean,  die  parts  impel  one  another,  and  so  Keep  moving 
till  the  next  return  of  the  sun,  by  which  so  much  of  the  motion  as  was  lost, 
is  again  restored,  and  thus  the  easterly  wind  is  made  perpetual:  the 
i^mtanation  of  these  two  currents  of  art  acting  at  the  same  lime,  will 
prodoce  a  north-easterly  wind  in  the  northern  hemisphere,  and  a  soutb- 
»steriy  wind  in  the  §outhem  hemisphere. 

If  ue  whole  surface  of  the  globe  were  sea,  these  winds  would  constantly 
slow  quite  round  the  worid  without  interruption ;  but  as  water  is  of  a  more 
Even  temperature  than  land,  the  latter  will  somedmes  be  hotter  and  some- 
tiroee  cooler  than  the  former,  rarefying  or  condensing  to  a  greater  degree 
the  air  immediatdy  above,  whereby  the  sit  will  be  put  m  motion,  the  denser 
towards  the  lighter,  in  order  to  restore  the  equihbrium :  hence  when  a 
considerable  body  of  land  intervenes,  particularly  in  the  tropical  regions, 
lew  points  of  rarefaction  and  condensation  take  place,  suilicicndy  powerful 
o  counteract  the  former  more  remote,  and  therefore  more  feeble  cause ;  for 
t  is  to  be  observed,  that  the  atmosphere  derives  a  greater  portion  of  its  heat, 
lear  the  surface,  from  its  communication  with  limd  and  water,  than  from 
he  direct  influence  of  the  sun. 

Partial  and  temporary  winds  are  likewise  frequently  produced  by  thunder- 
torms,  or  other  electrical  phenomena.  The  rays  of  the  sun  are  also 
ometimes  obHtructed  by  clouds,  or  mists  in  particular  places ;  and  one 
art  of  the  world,  or  even  of  a  particular  country,  will  consequendy  be 
;ss  heated  than  another :  in  that  case  there  will  alwavs  be  a  current  of  ur 
rnm  the  cold  to  the  warm  r^on.  Besides  this,  the  falling  of  rain,  or 
ther  circumstances,  produce  occanonal  alterations  in  the  t£mperature  a! 
le  air ;  and  whenever  these  take  place  in  any  coimtry,  diey  must  be 
[tended  with  wind. 

In  those  parts  of  the  Atlantic  and  Pacific  Oceans  which  are  remote  from 
ie  influence  of  the  land,  between  the  limits  of  about  28  or  30  d^reea  of 
orth  and  south  latitude,  there  is  a  constant  easterly  wind,  ^e  cause  of 
hich  we  have  already  assigned  in  the  preceding  obserrations.  On  the 
orth  side  of  the  equator  the  wind  blows  from  between  the  north  and  the 
ast,  and  on  the  south  side  from  between  the  south  and  the  east,  inclining 
tore  to  the  north  and  south  as  thev  are  further  from  the  equator:  these 
inds  are  denominated  the  N.  E.  ana  S.  E.  trade  winds. 

But  we  are  not  to  conclude  that  the  above  limits  are  without  exception; 
ir  both  their  direcdon  and  extent  vary  much  with  the  season  of  the  year. 
Vhen  the  sun  approaches  the  tropic  of  Cancer,  the  S.  E.  trade- wind  prevails 
irther  to  the  northward  of  the  line,  inclining  more  to  the  south  than  the 
tst,  and  the  N.  E.  trade-wind  more  to  the  eastward ;  on  the  contrary,  when 
e  is  in  Capricorn,  the  N.  E.  trade-wind  extends  more  to  the  southward  of 
ic  equator,  but  inclining  more  to  the  northward,  and  the  S.E.  veers  a  little 
■ore  to  the  eastward. 

Xfae  S.  E-  trade-wind  generally  extends  as  far  as  5  or  6  degrees  to  the 
orthward  of  the  line,  and  sometimes  even  to  7  degrees,  according  to  die 
?asons :  sometimes  the  N.  E.  and  S.  E.  trade-winds  almost  meet  each 
ther,  leaving  very  little  space  between  them ;  and  at  other  times  th^%  will 
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be  an  ioteiral  of  wTGral  ieme*  labjeat  to  calms,  KpiUB,  tkodat  li^ 
sine,  gad  heavy  nioa.  It  ftai  likewm  been  lemia^ed,  that  betweea  lb 
tnoefl,  th«  wind  fi«quently  pnrals  bam  the  8.  W.  quarter. 

The  trade-winda  extend  to  hi^ier  degraa  of  latitude  on  the  ceaM  tf 
North  and  Sou^  America  than  m  the  coast  of  Africa,  BometuaeiMbK 
SS  d^reea  on  the  North  American  coast,  and  to  the  sane  latito^  bmA 
on  the  coast  of  Brazil ;  though  they  seldom  exceed  38d^reei  on  the  A&ica 
side  to  the  northward  of  the  Cape  of  Qood  Hope. 

Beyond  the  limits  of  the  tnde-vinds,  in  both  the  northom  and  sonlkB 
hemispheres,  the  winds  are  variable,  but  for  the  moat  part  prevaihqg  ha 
the  westward,  or  W.  S.  W.  in  the  northern,  and  fr«n  the  W.  N.  W.  iiAt 
southeni  latitudes :  ^eae  winds  often  extend  to  the  Tr»[ac8,  and  smMiH 
even  as  tar  as  the  !iOth  degree  of  latitode. 

The  probable  cause  of  the  trade-winds  thus  eliai^iag  to  the  offoit 
direction  appears  to  be,  that  the  nuwtied  air  within  die  troincal  ngm 
being  pressed  upon  by  that  which  is  cooler  or  denser,  comiag  &<»  it 
nortnward  or  southward,  aaoends  to  the  uppfv  part  of  the  tXma^kaii 
where  die  reflected  rays  of  the  sun  has  loss  influence,  dispeni^  itself  ■ 
order  to  maintain  an  equilibrium,  and  forming  a  contrary  cocrent  it  At 
commencement  of  the  temperate  sone,  whkh  produces  the  ahove-ioBctistd 
winds.  But  the  above  obsarralioa  must  be  confined  to  par^ular  bwmIi 
within  cert«n  limits,  and  not  be  considered  as  inrariaUy  the  case;  form  i 
in  the  South  Atlantic  Ocean,  in  those  same  paralkls  of  latitude,  the  nit 
are  light  and  variable,  coming  often  &om  the  S.  E.,  sod  veezing  almMtn 
everr  point  of  the  compass. 

The  N.  E.  trade-wind  in  the  Atlantic  Ocean  blows  in  a  r^ubi  M  i 

Je  at  about  100  leagues  from  die  coast  of  Africa ;  and  it  is  remnM 
tiiat,  as  ships  approacn  nearer  to  the  West  Indies,  this  wind  geoe^  I 
comes  nearer  to  the  east,  so  as  seldom  to  deviate  more  thsa  a  pout^tb 
to  the  northward  or  southward. 

On  the  coast   of  Braril  the  S.  £.  trade-wind  is  subject  to  peaoikil  | 
shiftingB,  according  to  the  respecUve  seasons :  it  blows  there  finm  N.  &  I*  , 
RN.E.  between  September  and  March,  and  from  S.  S.E.  to  KS.E> 
from  March  to  September. 

On  the  African  coast,  from  Cape  Blanco  to  Sierra  Leone,  the  -^ 
(excepting  always  land-breeies  ana  storms)  blow  from  the  north,  indiBOS 
rather  from  the  westward  than  from  the  eastward.  From  Sierra  LeoM* 
Cape  Palmas  the  ordinary  course  of  the  winds  is  from  W.  N.  W.,  td 
beyond  Cape  Palmas,  as  far  down  as  about  S8  denees  of  soalfa  htitod^ 
fioinS.W.  to  South,  inclining  more  to  the  Bouthwara  m  westward,  accon% 
to  the  pardcuhtr  situatioQ  or  bearing  of  the  shores  and  lands. 

The  reason  of  these  dispositioDa  of  the  trade- winds  towards  the  laid  si 
appear  obvious,  from  the  general  principles  already  lud  down,  when  ft 
connder  the  nature  of  the  coasts,  and  their  situation  widi  regard  to  the  M- 
The  vast  Continent  of  Africa,  for  instance,  being  vioIenUy  heated  hft^ 
sun,  especially  those  parts  near  die  equator,  the  incumbont  air  wnl  ^ 
exceedingly  rarefied ;  and  the  sea  bdng  much  ctxAet  than  the  knd-  ^ 
current  of  air  must  almost  constantly  come  from  die  westward,  to  rert«t 
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die  equffibrinm ;  and  it  uto  be  obsemd,  d»t  Ae  irajd»  on  the  coatt  of 
GidneB  actu^Iy  aoqoira  dns  diiection  tovards  the  shore  within  80  ot  100 
le^ues,  getttng  tint  more  tovards  the  MHith,  then  becomii^  full  south,  and 
afterward  ahlmng  to  the  westvsrd  rf  the  souA.  This  part  <^  the  ocean 
is  conseqoently  mnch  troubled  with  frequent  calms,,  and  widi  sudden  and 
violent  gusts  of  wind,  known  by  the  name  of  Torruidoes,  which  blow  bcm 
all  parts  of  the  horiion. 

In  the  Gulf  of  Guinea  there  is  a  periodical  wind,  called  the  Harmattan, 
vtilch  Mows  in  a  N.  £.  direction  from  the  interior  parts  of  Aftica.  The 
season  in  which  it  prevails,  is  during  the  months  of  December,  January, 
and  February ;  it  comes  on  indiscriminately  at  any  hour  of  the  day,  at  any 
time  of  die  bde,  or  at  any  period  of  the  moon ;  and  continues  sometimes 
only  a  day  or  two,  sometimes  five  or  six  days,  and  it  has  been  known  to 
last  fifteeen  or  sixteen  days.  There  are  generally  three  or  four  returns  of 
rt  e/rerf  season :  it  blows  with  a  moderate  force,  but  not  quite  so  strong  as 
the  sea-breeie.  It  has  been  fiirther  observed,  that  between  the  4th  and 
10th  d^ree  of  north  laritude,  and  between  the  lon^tude  of  Cape  V^ 
and  the  eastenimoet  of  the  Cape  Verd  Islands,  there  is  a  tract  of  sea  which 
aecmB  to  be  condemned  to  perpetual  calms,  attended  with  terrible  thunders 
and  lightnings,  accompanied  with  such  frequent  rains,  that  this  part  of  the 
sea  is  called  the  raina.  This  appears  to  originate  from  the  same  cause  as 
Uwoe  we  have  already  stated ;  for  this  tract  being  placed  in  the  middle, 
between  the  westerly  winds  blowing  on  the  coast,  and  the  easterly  trade- 
wind  blowing  to  the  westward  of  it,  the  tendency  of  the  air  is  here  in^iferent 
to  either,  and  therefore  keeps  its  place,  and  muies  a  calm;  and  the  weight 
of  the  incumbent  atmosphere  bemg  diminished  by  the  continual  contrary 
winds  blowing  from  hence,  is  the  reason  that  the  lur  is  not  able  to  support 
tfie  Taponrs  plentifully  raised  here  by  the  beat,  but  lets  it  fall  in  frequent 
and  oopious  showers. 

All  these  circumstances  duly  conradered  will  account  for  those  circuitous 
paanages  which  ships  make  in  sailing  from  one  distant  port  to  another  in 
the  Atlantic  Ocean,  and  for  the  difficulty  they  meet  with  in  suling  to  the 
•oudiwaid,  esperially  in  the  months  of  July  and  August,  when  the  S.  E. 
trade-winds  usually  extend  to  7  or  8  d^rees  north  ot  the  equator,  and  not 
oaAequantly  vary  so  much  as  to  blow  from  the  south,  and  even  a.  point  or 
two  to  the  west  of  the  south ;  for  in  this  case  every  mile  that  is  then 
obtaned,  must  be  inthe&ceofa  constant  trade-wind,  directly  opposing  the 
track  of  the  ship,  and  by  an  infinite  degree  of  trouble,  and  constantly 
plying  to  windward.  For  if,  on  the  one  hand,  a  ship  steers  W.  S.W.,  and 
Bott  we  trade-wind  more  towards  the  east,  she  will  be  in  danger  of  falling 
m  too  soon  wtthtihe  coast  and  shoals  of  Brazil^  and  if  she  6t«ers  E.  S.  E., 
■be  must  fadl  in  wi^  the  coast  of  Guinea,  and  cannot  extricate  herself  from 
that  dtaatioa  but  by  running  down  east  to  the  Island  of  St.  Thomas ;  it  is 
tax  diis  leaaon  that  India  ships,  both  outward  and  homeward  bound,  pass 
die  equator  in  the  Atlantic  between  thelon^tudes  of  I8°andS3^West:  by 
ke^nng  this  course,  they  never  fall  in  with  the  coast  of  America,  either 
goii^  to  the  Cape  of  Good  Hope,  or  returning  from  it,  and  at  the  same 
IBM  they  avoid  uie  calms  on  the  coast  of  Africa. 

These  circumstances  likewise  point  out  the  only  possible  course  for  ships 


£ 
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to  sul  from  the  cout  of  Guinea  for  Emope ;  and  tlut  is.  to  ittti  tnj 
S.S  E.  or  South,  and  with  these  counes  to  run  off  theaboKi  vUkne 
wind  becomes  more  and  more  oontnry.  Tboi^  ihips,  when  nor  tk 
■hore,  can  lie  §outh  on  this  coast,  yet  when  tbey  get  more  distat,  Atj  tm 
only  make  good  a  S.  E.  course,  and  as  thejr  get  further  otu,  tJtey  will  ab 
make  good  ao  E.S.E.  course;  but  they  can  ^eneraUv  make  dw  IJmik 
St.  Thomas,  or  Cape  Lopes,  with  these  directMms,  when  tbey  will  find  ih 
winds  to  the  eastward  of  the  south.  They  then  set  off  westerly  froa  ih 
coast,  and  run  on  till  Uiey  crane  to  4  degrees  south  latitude,  by  whi^  'am 
they  will  find  s  constant  trade-wind  from  the  S.  E. 

On  account  of  these  general  winds,  ships  bound  from  Enf^nd,  oi  otki 
parts  of  Europe,  to  the  West  India  Islands,  or  to  the  southern  p«ta  of  ik 
coast  of  North  America,  even  as  far  to  the  northwaid  as  Virginia,  conis 
it  as  most  advantageous  to  get  to  the  southward  as  soon  as  possible;  fixM 
their  reaching  the  Utitude  of  30  degrees,  or  tbereabouts,  where  the;  gd 
within  the  influence  of  the  trade-winds,  they  can  depend  on  hayiiw  a  stM^ 
~~1e  from' the  eastward,  so  as  to  enable  them  to  run  before  the  wukL   Fk 

3  same  reason,  all  ships  returning  from  the  West  Indies^  or  thecODligODV 
part  of  the  coast  of  North  America,  eodeavour  to  run  up  to  30  d^mi 
north  latitude,  or  even  further  north,  where  they  first  6nd  me  wwi  htpm 
to  be  variable,  so  as  to  enable  them  to  make  to  the  eastward.  Indsedi  'ki 
most  general  and  [ncvailing  wind,  without  the  northern  limito  tS  tbe  mdt 
wind  m  the  Atlantic  Ocean,  is  between  the  sotith  and  west,  and  thcnte 
^r  for  bringing  ships  to  Europe. 

Again,  ships  bound  to  India  from  America  run  to  the  eastward  in  ilx 
▼ariable  winds,  so  as  to  be  in  the  longitude  of  36  or  38  degrees  West  lAa 
in  the  latitude  of  30  degrees  North ;  dience  they  steer  soutb..easteriy  tnadi 
the  Cape  Verd  Islands,  passing  two  or  three  degrees  to  tbe  westvinl  <f 
them.  Being  then  in  the  general  track  of  the  European  Indiamea,  tbj 
steer  sonth-easteiiy,  to  cross  the  equator  between  the  longitude  of  IS 
and  93  degrees  West,  where  meeting  tne  S.E.  trade-wind,  they  must  bwe 
up,  and  siul  upon  a  wind  till  they  get  so  &r  to  the  southwazd  at  to  M' 
with  the  variable  winds,  when  they  may  steer  to  the  eastward. 

Between  the  parallels  of  iH  and  40  d^rees  of  south  latitude  in  tbe  hii" 
Ocean,  as  we  have  already  observed  is  the  case  in  the  South  Atlaotii:^  ^ 
wind  ia  variable,  but  most  frequently  blows  between  the  N.  W.  and  S.  %'< 
it  is  on  this  account  that  outward-bound  East  India  ships  generally  n> 
down  their  easting  on  the  parallel  of  36  degrees  South. 

From  the  tadti^  of  SS  decrees  South  to  the  equator,  the  S.  £.  toAt-fid 
blows  constantly  without  any  considerable  interruption  in  the  Indian  OoM 
as  in  the  Pacific  and  Atlantic,  between  some  few  degrws  to  theewWM" 
of  Madagascar,  as  far  nearly  as  the  Island  of  Java;  but  in  the  other  psK* 
of  the  Indian  Ocean,  and  in  the  adjoining  seas,  the  winds  divide  the  ^ 
into  two  seasons,  or  mttuomiH*,  blowing  certain  months  in  one  dincjuv, 
and  the  rest  of  the  year  in  the  opposite. 

In  the  Mozambique  Channel,  between  the  Island  of  Madanacar  oA  tbe 
coast  of  AfHca,   the  monsoons  prevail  alternately;  tlie  S.W.  begim  » 

■  The  word  moataon  a  denied  from  ike  Pertluk  ward  iDMMini*,  wbid  tiguifia  iri""! 
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April,  and  wotinues  tiH  November  r  die  N.B.  then  succeeds,  aod  contmaes 
mtfl  April ;  bat  ibe  S.  W.  moiwodn  in  this  ebannel  is  the  (i6t  seaBon,  and 
die  wind  lotnedmes  y^es  towarclB  the  S.E.  nod  E.S.E.  on  either  coast, 
abont  Ae  middle  of  November,  wheie  dso  there  are  in  general  regular 
bad  end  sea  bteexes.  The  N.  E.  monsoon  begins  near  the  Comoro  Islands 
and  the  north  of  Madi^aecar,  but  seldom  extends  be;^ond  St.  Augustine's 
Bay  to  the  sou^ward,  towuds  which  it  commences  only  at  the  end  of 
Norenber. 

To  tlie  north  of  die  equator,  in  the  whole  extent  of  the  seas  comprised 
between  the  eastern  coast  of  Africa,  and  the  meridian  whichpasses  throush 
the  western  part  of  Japan,  the  monsoons  blow  from  die  S.  W.  betweeh  tne 
imddle  of  April  and  the  middle  of  October,  and  from  the  N.E.  during  the 
real  of  the  year,  excepting  only  the  Red  Sea  and  the  Gulf  of  Persia, 
which  haTe  particular  windaj  to  which  we  might  also  add  the  Straits  of 
Ualaeca,  where  the  winds  are  generally  shifting,  and  in  which  the  mon- 
soinis  do  not  blow  for  a  long  time. 

In  the  Red  Sea  the  winds  blow  almost  nine  months  of  the  year  from  the 
•oQthward,  that  is,  fVom  the  end  of  August  to  the  middle  of  May,  and 
Rometimefl  to  the  end  of  that  month,  when  the  wind  changes  to  the  North 
and  N.N.W,,  and  generally  continues  in  that  quarter  to  the  end  of  August; 
but  aometimee  the  land  and  sea  breezes  prevail. 

Id  ih*  Gulf  of  Persia  the  N.W.  wmd  blows  most  part  of  the  year, 
November,  December,  and  January,  being  die  only  months  when  southeriy 
winds  are  certain.  These  winds,  however,  are  not  so  r^pilar  as  those  in  the 
Red  Sea,  bang  often  interrupted  by  fresh  eales  from  the  S.W.,  principally 
from  Cape  Mnssendom,  and  sometimes  by  und-breeies. 

In  the  Gulf  of  Siam,  on  the  Coasts  of  Cambodia  or  Camboge,  Cochin 
Cbtna,  the  Gulf  of  Tonquin,  and  China,  the  S.W.  monsoon  commences 
aeax  lite  coast  in  the  coutae  of  the  month  of  April ;  but  out  at  sea,  in  those 
yarta,  it  does  not  change  till  a  month  later.  It  ts  for  this  reason  that  on 
he  north  part  of  Bonieo,  to  the  Islands  of  Palawan  and  Luconia,  it  is 
wJdotD  Imown  to  Mow  constantly,  but  from  the  1st  to  the  16th  or  90th  of 
May.  As  the  S.W.  monsoon  continues  only  about  six  months,  and 
Mmunences  near  the  coast,  it  there  ceases  first  likewise,  in  the  same  manner, 
ind  ia  immediately  succeeded  by  the  N.E.  monsoon.  The  winds  hi  the 
C:hina  Seas  are  not  so  regular  as  in  the  Arabian  Sea,  and  are  frequently 
Atermpted  by  violent  and  dangerous  tt^oons.*  These  tyfbons  are  of  the 
taMxe  nature  with  the  hurricanes  in  the  W^est  Indies,  both  of  which  appear 
4>  arise  from  violent  and  sudden  changes  in  die  upper  and  lower  regions  of 
iie  sir;  and  it  has  been  remariced  that  they  happen,  for  the  most  part, 
tbout  the  autumnal  equinox,  and  are  ^ways  preceded  by  calms  and  hot 


In  ihal  part  of  the  Indian  Ocean  adj<nning  to  New  Holland,  between 
he  meridiaTis  of  Sumatra  and  Java  to  the  west,  and  New  Guinea  to  the 
axt,  there  is  a  r^ulai  monsoon,  which  sets  in  from  the  N.W.  between  the 
nontN  of  October  and  April ;  during  the  other  months  of  the  year  the 

*  From  die  ChineM  woid*  Tg,  great  or  powerful,,  and  Feong,  wind. 
T 

^iooglc 


I  do  not  change  raddenlT  ftom  me  point  of  du  cat^ 
to  the  oppoaite ;  between  the  ezpintioD  of  one,  aad  toe  oomMUXtaaat  rf 
the  other,  die  winda  ue  light  and  varisble,  aiid  sometinies  calxiu  pin4 
until  the  t^uIu  mouoon  comueacea,  lad  aoquitw  niffident  strKigtli  n 
blow  itesdy. 

The  ahnting  of  the  N.E.  tod  S.W.  monsoons  u  frequently  atteodtd 
with  vident  squalls;  for  which  reason  ships  between  the  coasts  of  MiUm 
and  AfHca,  if  bound  to  Bombay  from  the  southward,  nevei  attoniilto 
make  the  former  coast  at  the  breaking  up  of  the  N.E.  raonaoon,paittcuidr 
in  the  month  of  May;  hence,  likewise,  they  avoid  the  Coast  of  CoTonuadd 
in  the  month  of  October:  for  it  is  a  &ct  worthy  of  remark,  diattheUd 
weather  month  on  the  Coast  of  Malabar  is  the  fine  weather  month  «d  ik 
Coast  of  Coromandel,  and  vice  veraA,  although  theae  cowta  are  situate  ■ 
the  same  peninsula. 

The  moat  obvious  cause  tf  the  above  periocbcal  chaogea  in  the  vod 
appears  to  be  the  ntuadon  of  ^e  sun  in  the  ediptic  at  the  difbea 
seasons  of  the  year;  for  when  the  sun  approaches  the  Tro^c  of  Caon^ 
the  soil  oi  Persia,  Bengal,  China,  and  the  adjoining  countries,  beconsM 
much  more  heated  than  the  sea  to  the  southward  of  those  couBUies,  tli 
the  current  of  the  general  N.  E-  trade-wind  is  interrupted,  ao  as  to  blovK 
that  season  from  the  south  to  the  north,  contrary  to  woat  it  would  da  itu 
land  were  there ;  bat  as  the  high  mountabs  of  Africa,  dutiiw  all  tba  JM 
are  extiemdy  cold,  the  low  countries  of  India  to  the  eaatwaidof  it  beciao 
hotter  than  Africa  in  summer,  and  the  air  ia  naturally  drawn  theace  u  it 
eastward :  henc«  it  is  that  the  wind  in  thoae  parts  blows  from  the  S.V- 
between  April  and  October,  contrary  to  the  trade-winds  in  the  Atlantic  od 
Pacific  Oceans  in  the  same  latitudes ;  but  when  the  sun  retires  towaidtdt 
Tropic  of  Capricorn,  these  northern  parts  become  cooler,  and  thepncnl 
trade-wind  assumes  its  natural  direction  from  the  N.  £. 

Upon  the  same  principle  we  account  for  the  monaoons  adjdniif  Ne* 
Holland,  which  we  find  is  an  immense  tract  trf"  land  to  the  S.E.(if^ 
Sunda  and  Molucca  IslandB;  for  when  the  sun  is  in  the  Tropvc  of  CuW) 
the  current  of  air,  even  ind^>eQdent  of  the  trade-wind,  will  move  6om  ^ 
S.E.,  to  restore  the  equilibrium  to  the  N.W.;  on  the  contraiy,  ia^ 
months  of  November,  December,  and  January,  whilst  the  sun  ii  u*'! 
vertical  over  a  great  part  of  New  Holland,  the  current  of  air,  througii  t^ 
Sunda  and  Molucca  Ishuids,  will  come  from  the  N.W.,  to  fill  up  the  mnioi 
made  by  the  tareficaUon,  and  thus  occasion  an  alternate  S.  £.  snd  N'^' 


The  cause  of  land  and  tea  bnatea,  which  prevail  principally  befeen  v 
Tropics,  and  never  extend  above  three  or  four  leagues  trtaa  toe  shon^  "'J 
be  exj^wied  after  the  same  manner  as  the  monsoons.  For  during  the  i>^ 
the  sea  ia  not  so  much  heated  bj  the  preaence  o£  the  sun  as  the  lauli  ■>■'  " 
it  so  much  cooled  during  the  night;  Uierefore,  when  the  earth  begiof  to» 
Ti(4endy  heated  in  the  course  of  the  day,  the  cooler  air  from  tu  (S  "' 
rush  in  towards  the  land,  to  supply  the  deficiency  occasioned  by  the  ff^ 
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Tsiefacdoii  «f  tbe  air ;  and  hence  arise  tbe  Be»J>reeMB.  On  the  other  band, 
the  land  becoming  cooler  than  the  vater  in  Uie  absence  of  the  sun,  the 
cwrent  of  air,  a  few  honra  after  aanaet,  6ovb  &om  the  land  to  the  sea,  and 
thua  produces  the  land-breese. 
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A  Tins  ia  that  r^^ohir  motion  of  the  waters  o(  the  ocean  by  which  diey 
Li  rise  and  iUl  m  certun  intervals  of  time.  The  rising  of  the  water  is  called 
[M  thejfux,  mjlood;  and  its  falling,  the  reftuai,  or  ebb.  When  the  water  has 
ji    attained  its  greatest  height,  it  u  said  to  be  high  wcUer;  and  when  it  is 

done  falling,  it  is  called  low  mater. 

•  i'.        These  periodical  motions  of  the  waters  are  eflfected  by  the  unequal 

[  i.    attraction  of  the  sun  and  moon,  but  chiefly  that  trf"  the  latter  ol^ect,  on  die 

!i:    different  parts  of  the  earth.     For  the  discorery  of  the  Uwa  by  wluch  this 

^t    general  principle  of  attraction  is  governed,  we  are  indebted  to  the  great  Sir 

^    lasacNewton,  who  has  demonstrated  that  the  power  of  attracBondiminishea 

,t;    as  the  distance  increases,  in  proportion  to  the  squares  of  tbcrae  distances. 

,  ^         Now  it  is  evident  by  tfie  above  law,  diat  those  parts  of  the  earth  nearest 

^     the  moon,  are  more  attracted  by  her  than  the  central  parts;  and  that  the 

'■:     central  parw  will  be  more  attracted  than  those  which  are  forthest  &om  her: 

if     and  therefore  the  ^stance  between  the  earth's  centre  and  the  waters  upon  its 

.;     sur&ce,  under  and  opposite  to  the  moon,  will  be  increased;  so  that  if  the 

j^     eaTth''s  surface  were  covered  with  water,  it  would  assume  a  spheroidal,  or 

f     egg-like  figure,  the  longest  diameter  of  which  would  be  directed  to  the 

moon's  centre.     Hence  those  parts  of  the  earth  directly  under  and  opporite 

the  moon,  that  is,  where  the  moon  is  in  the  zenith  and  nadir,  will  have  the 

^      flood,  or  high  water,  at  the  same  time;  while  those  parts  at  90  degrees 

distance,  or  where  the  moon  appears  in  the  horizon,  will  have  the  ebb,  or 

lowest  water,  at  that  time.    As  the  moon  apparendy  shif^  her  position  £rom 

^'       east  to  west,  in  going  roond  the  earth  every  day,  the  longest  diameter  of  the 

spheroid  following  her  motion,  occaaons  two  floods  and  ebbs,  in  about  every 

24 hours  and  46  minutes,  which  is  the  length  of  a  lunar  day;  or  the  intervu 

^      between  the  moon's  passing  the  meridian  of  any  place,  ana  returning  to  the 

same. 
^  The  earth^s  diameter  bean  a  (»>nsiderafale  proportion  to  its  distaace  from 

the  moon,  bnt  is  next  to  nothing  when  compared  to  its  distance  from  the 
,  sun ;  tberefbre  the  diflerence  of  the  sun's  attraction  on  the  rades  of  the 
eardi  mider  and  opposite  to  him,  is  much  less  than  tbe  difoence  of  the 
noon^B  attractHHi  on  the  ndes  of  the  earth  imder  and  oj^voute  to  her,  and 
consequently  the  moon  must  rwse  tbe  tides  much  higher  than  they  can  be 
raised  t^  the  sun. 

From  this  theon,  it  may  be  thouf^t  the  tides  ought  to  be  highest 
directly  under  and  opposite  the  moon ;   but  we  find  that  in  open  seas, 
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wlicxe  the  watei  flows  fieely,  tbe  noon  is  genaaUy  past  the  nwiMfiu  i4a 
it  is  high  water.  The  reason  is  obriom ;  fat  tfaoiiMi  tbe  moeo'i  tttnctki 
were  to  cease  altogether,  when  she  was  past  the  merwian,  yet  tlie  notim  tt 
ascent  communicated  to  the  water  before  that  ttnte^  would  make  it  coMlBn 
to  rise  for  some  time  after;  much  more  must  it  do  so  when  tbe  attnctim  it 
only  something  '1i"''"i"t^'Ml 

The  times  of  high  water  do  not  always  answer  to  the  same  distance  <f 
the  moon  &om  tbe  meridian  at  the  same  places ;  but  are  vaiioudy  sftdd 
by  the  acdon  of  the  ma,  which  brings  them  on  aoooer  when  the  moon  iiti 
her  first  and  third  quarters,  and  keeps  them  back  later  when  she  is  in  hi 
second  and  fourth ;  because,  in  tbe  former  case,  the  tide  raised  by  the  Hi 
alone,  would  be  earlier  than  the  tide  rused  by  the  mooo ;  and  in  the  Iitts 
case,  later. 

When  the  moon  is  in  perigee,  or  at  her  nearest  distance  firora  the  eti^ 
she  attracts  strongest,  and  therefore  raises  the  tide*  moat ;  the  enMi; 
happens  when  she  is  in  apogee,  or  at  her  greatest  distance  from  the  taA, 
because  of  her  weaker  atbaction.  At  new  moon,  when  the  mooD  iiii 
coojuncdon  witfa  the  sun,  the  tides  are  raised  by  the  joint  atnactira  of  M 
luminaries,  and  therefore  will  be  highest ;  the  same  is  the  case  at  full  am, 
when  the  sun  and  moon  are  in  oppootion :  for  whilst  the  moon  nbe*  dv 
tides  under  and  opponte  her,  the  sun  acting  in  the  same  line,  tatt  ik 
tides  under  and  opposite  to  him,  whence  their  conjoint  effect  is  Aesss»a 
at  the  change,  and  in  both  cases  occaaums  what  are  c^led  eprin^^io- 
But  at  the  quarters,  the  sun  raises  the  tides  where  the  moon  defffessestei 
and  depresses  them  where  tbey  would  be  raised  by  the  moon :  hence  it  ii  ik 
difference  of  their  acUons  that  produces  the  tides  at  the  quarters,  and  tbev 
are  called  neap-tidea.  But  these  tides  do  not  happen  till  a  day  or  two  lAa 
the  above  times ;  because  in  this,  as  in  oiba  cases,  the  effect  is  notgnsM 
or  least  when  tbe  immediate  influence  of  the  cause  is  greatest  or  lesit,  W 
some  time  afterward. 

The  sun  being  nearer  the  earth  at  the  banning  than  at  any  other  ttw 
of  Uie  year,  its  attraction  will  then  be  most  powernil ;  and  of  course  iboot 
January  the  spring-tides  will  be  greater  than  at  any  other  time,  and  gresUO 
of  all  if  the  moon  at  the  same  time  should  happen  to  be  in  perigee. 

When  the  moon  is  in  the  equinoctial,  the  tides  are  equally  Wgh  in  boti 
pats  of  the  lunar  day ;  but  as  the  moon  decUnes  from  the  eqoinocCiil 
towuds  either  Pole,  the  tides  are  alternately  higher  and  lower  at  {^ 
faavmg  north  or  south  Utitude.  Whilst  the  moon  has  north  decliiubni 
the  greatest  tides  in  tbe  northern  hemisphere  are  when  she  is  abore  tK 
horizon,  and  the  rererse  whilst  her  declination  is  south. 

The  tides  rise  higher  at  «iy  plaoe  in  proportion  as  the  moon  is  neiRiti 
the  senith  or  nadir  of  that  place  at  the  time  of  her  passing  the  mtO^i 
because  tbe  action  a£  the  moon  is  there  strongest :  hence  tbe  tides  w 
greater  between  the  Tropics  than  at  any  othco'  parte,  and  less  near  the  ?<^ 

All  the  above  particulars  would  exactly  djtatn  wore  the  whole  surftcen 
the  earth  covered  with  deep  water ;  hut  smce  there  are  multitudes  of  idtw 
betides  continents  lying  in  the  way  of  the  tide,  which  interrupt  its  dint* 
course,  there  arises  a  great  variety  of  other  appearances  wnich  it^ 


TIDES.  165 

partknlar  solutumg,  wheran  the  aituation  of  the  shores,  straits,  ehosls, 
winds,  and  Mbet  things  must  be  considered.  For  instance,  as  the  sea  hsa 
no  known  passage  between  Europe  and  Africa,  let  them  be  supposed  one 
eoDlaiient,  extending  from  Weigate  Straits,  in  latitude  78°Nbnb,tD  the 
CapeofGoodHope,inlatitudeM°  South;  the  middle  of  these  two  would 
beinabaut  1 9°  North,  near  Cape  filanco  on  the  west  coast  of  A&ica.  But 
it  is.  imposaible  the  flood-tide  should  set  to  the  westward  upon  the  western 
coast  of  Afiica  (for  the  general  tide,  following  the  course  of  the  moon,  must 
aet  from  east  to  west),  because  the  continent  for  above  50  degrees,  both 
northward  and  southward,  bounds  that  sea  on  the  east;  therdbre,if any 
tegular  tide,  proceeding  ^m  the  modon  of  the  sea,  from  east  to  west,  should 
rndithiBpUce,  it  must  come  either  &om  the  north  of  Eun^  southward,  or 
friHn  the  south  of  Africa  northward. 

This  opinioQ  is  further  corroborated,  or  rather  fiilly  confirmed,  t^ 
oommoa  experience,  which  shews  that  the  flood  sets  to  the  southward  aioag 
the  west  coast  of  Norway,  Iron)  the  North  Cope  to  Uie  Nate,  ot  entrance  i» 
the  Baltic  Sea,  and  so  proceeds  to  the  southward  along  the  east  coast  of 
Great  Britun,  and  in  its  passage  supplies  all  those  ports  which  lie  in  its 
way,  one  a&ej  another.  The  coast  of  Scotland  has  Ae  tide  first,  baeause  it 
comes  from  the  northward  to  tbe  southward.  On  the  full  and  change  days 
it  is  high  water  at  Aberdeen  at  Oh.  45ni.,  but  at  Tyoemouth  Bar  not  tdl 
2fa.  50iQ. ;  rising  thence  to  the  southward,  it  makes  high  water  at  the  Spurn 
SOm.  after 5h.;  otYarmouthRoadslOin.  after 8h.;  at  Harwich  llh.SOm.; 
at  the  Nore  L^tSOm.  afterlSh.,  and  at  London  Bridge  at  !ih.  7m.,  all  in 
the  same  day.  And  although  this  may  seem  to  contradict  the  hypothesis  of 
the  natural  motian  of  the  tides  being  from  east  to  west,  yet  as  no  tide  can 
come  west  from  tbe  main  coHtioent  of  Norway  or  Holland,  it  is  evident  the 
tide  we  have  been  tiadng,  by  its  several  st^es  from  Scotland  to  London,  is 
supplied  by  that  tide,  ttie  original  motion  of  which  is  from  east  to  west 
As  water  always  inclines  to  its  level,  it  will  in  its  passage  fall  to  any  other 
pmnt  of  the  compass,  to  fill  up  vacancies  where  it  finds  them ;  and  yet  not 
contradict,  but  rather  confirm  the  hypothesis. 

From  diese  circumstances  it  is  evident,  that  the  direct  course  of  the  rising 
ddes  from  east  to  west  being  interrupted  by  the  land  l^ng  in  their  way,  they 
are  often  obliged  to  make  a  long  drcuit,  and  to  flow  in  various  directions ; 
whence  the  setting  of  the  tides,  and  the  times  of  high  water,  are  different  at 
different,  places. 

Lakes  and  inland  seas,  such  as  the  Caspian  Sea,  the  Mediterranean,  and 
tbe  Baltic  Seas,  have  little  or  no  sensible  tides ;  for  they  are  usually  so  small, 
that  the  attroctiTe  influence  of  the  sun  and  moon  is  nearly  equal  at  both 
extremities,  and  cannot  therefore  sendbly  affect  the  water. 

When  the  time  of  high  water  at  any  place  is  mentioned  generaUy,  it 
is  to  be  understood  of  the  time  when  it  is  high  water  at  tlut  place  on 
the  day  of  new  or  full  moon ;  or  the  time  past  noon  when  it  is  high  water 
on  tbe  day  on  which  the  sun  and  moon  are  together  on  the  meridian  of 
the  place.  Among  pilots  it  is  customary  to  reckon  the  time  of  flood,  or 
k^  water,  by  the  point  of  the  compass  tbe  moon  is  supposed  to  bear  on 
at  that  time,  wlowing  three-quarters  ot  an  hour  for  each  point    In  places, 


for  inaUnce,  where  it  is  flood  ti  noon  om  Asdaiya  of  faUMiddyuige,tlM 
tide  ia  slid  to  flew  Borth  sad  south,  ov  &!  IS  o'clock.  In  places  whm  the 
moon  is  sumosed  to  beer  1,  S,  S,  4,  or  more  points  to  the  eut  ot  wtit 
ci  the  mentban,  when  it  is  h^  water  oo  the  same  day,  the  tide  ii  nid  M 
flow  on  such  a  point;  so  if  die  moon  is  supposed  to  beu  S.E.  at  flood,  it 
is  said  to  flow  S.  E.  and  N.  W.,  or  S  hours  before  the  moon  comes  to  the 
meridian,  that  is,  at  0  o'dodc ;  if  shebeanS.  W.,it  Aowb  S.  W.andN.E^ 
or  at  3  hours  after  the  southii^^ ;  and  in  like  manner  for  other  pamti  li 
the  moon's  bearing.  But  this  absurd  custom  of  leckoning  the  tide*  b;  itt 
beating  ctf  the  moon,  should  be  exploded,  as  founded  in  error ;  fbrthemoM 
takes  a  greater  or  less  portion  of  time  in  passing  over  any  given  numba  ' 
points  ntfae  compasi. 

In  some  places  it  is  high  water  on  the  shore,  or  by  the  ground,  wh3e  tbe 
tide  condnuee  to  flow  in  the  stream  or  offing ;  and  according  to  the  leulk 
of  time  it  flows  longer  in  the  stream  than  cm  die  shore,  it  is  said  to  m 
tide,  and  such  part  of  tide,  allowing  6  houn  to  a  tide.  Thus  3  hourskoaa 
in  the  ofGng  Uian  on  dw  shore  make  tide  and  half-tide;  an  hourudi 
half  loiuer  make  tide  and  quarter-tide ;  three-quarters  of  an  hour  ksgs 
make  tide  and  half-quarter-tide,  &c. 

The  common  method  ctf  finding  the  time  (tf  hi^  water  at  any  fkae  a 
contuned  in  the  following  particulars. 

OF  LEAP  YEAR. 

The  length  of  the  solar  year  bdng  nearly  365  days  6  hours,  and  ii    | 
common  year  containing  only  365  days,  one  day  is  add^  ererf  timrA  jtB 
to  die  month  of  February,  maldng  that  year  contain  366  days,  whiai »   , 
called  Insaextiie,  or  leap  year,  and  is  found  as  follows : 

Tojnd  the  Leap  Year. 

RiTLE.  Divide  the  given  year  by  4,  and  if  there  be  no  remainder.  R" 
leap  year ;  but  if  1 ,  3,  or  S  remain,  they  shew  that  it  is  so  many  yean  Af 
leap  year. 

£xAUFLs.  The  year  1838,  divided  by  4,  gives  459,  and  theKnaindo'^ 
which  shews  that  it  ia  the  second  year  after  leap  year. 

OF  THE  BPACT. 

The  Epact  u  the  moon's  age  at  the  beginning  of  the  year :  it  inotM' 
]1  every  year,  beingtheexcessof  the  solar  year  of  365  days,  above  tbe  loni' 
year  of  354  days,  or  1%  lunations.  It  is  also  observed,  tnst  the  moongM 
through  all  her  variety  of  aspects,  with  respect  to  the  sun,  in  the  coone  <* 
19  yean;  so  that  at  the  end  of  that  period,  which  is  called  die  lunar  a/elt, 
the  new  and  full  moons  return  on  the  same  days  of  tbe  month,  and  otaj 
at  the  same  hours.     Hence  the  following  Rule : 

To  find  the  Epact. 
RuLK.  Divide  the  given  year  by  19;  multiply  the  remainder  by  11;^ 
the  product  will  be  the  Epact,  if  it  does  not  exceed  S9;  but  if  it  doei,  din* 
the  product  by  30,  and  the  last  remunder  will  be  the  Epact. 
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ExAWLB.  flcquiicd  the  £p«ct  for  the  yeas  18SS. 

1RS8,  divided  by  19t  gives  96  for  the  quotient,  ind  14  for  the  mnaiiider, 
which  multiplied  I^  11,  raves  164;  this,  tUvided  l^  ttO,  gives  the  quotients, 
and  the  lenuunder  4 ;  which  lemsinder  is  the  Epcct  for  the  year  18S8. 

OF  THE  NUMBER  FOR  THE  MONTH. 

The  Number,  or  Epact  for  the  Month,  is  the  moon^s  age  at  the  be^nning 
of  that  month,  when  it  is  new  moon  on  the  lat  of  January ;  hence, 

To  find  the  Iiumb&'  of  any  given  Month. 
RnLK.  Divide  the  number  of  days  contained  in  the  preceding  months, 
reckonrng  from  Ae  b^inning  of  January,  by  29.5,  or  rather  ^.53  (the 
period  of  a  mean  lunation  m  days  and  decimal  parts),  and  the  nearest 
whole  number  to  the  remainder  is  the  Epact,  or  Number  for  the  Month 
Kqoired. 

ExAUPLR.  Required  the  Number,  or  Epact,  for  September. 
The  davs  contained  between  the  betnnning  rf  January  and  the  bq;inning 
of  September  are  243 ;  this  number,  £videa  by  S9.  S3,  gives  tfae  quotient  8, 
and  me  remunder  6.76,  or  7  neariy,  whkb  is  Uie  Epact  for  September. 
TheEpacts,  or  Numbers  for  each  Month,  are  as  follow: 

Jan.  Feh.  Mar.  Apr.  Hay  7iiae  Juljr  Aug.  Sapt.  Oct.  Nor.  De& 

la  eommon  ytm 0101S34fi77         9         9 

Ib  tMf  jmn.^ 1)81334       5688       10       10 

OF  THE  MOON'S  AGE. 

The  moon's  age  is  tlie  number  of  days  that  has  elapsed  since  the  last 
change,  or  the  new  moon,  and  never  exceeds  30. 

To  find  the  Moon's  Age. 

R0i.a.  To  the  Epact  of  the  Year  add  the  Number  for  the  Month,  and 
the  day  of  ^  month :  the  sum,  if  it  does  not  exceed  90,  is  the  moon's 
age ;  but  if  it  does,  subtract  SO  from  it,  and  die  remunder  will  be  the 
moon's  age. 

Example.  Required  the  moon's  age  on  July  4th,  1840- 

IS)1U0(M  Epwt  for  1840 M 

171  Number  for  ihe  month B 

I  D>7  of  the  month 4 


30)lTa(5 
150 

Tbe  Epact  (or  1040  =;  M 


b,  Google 
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ON  TEB  UOON'S  PASSAOS  OVER  TUB  KKHDIAM. 

The  mooD  puses  the  meridian  of  may  plsce  about  48  niiiintes,  or  feat- 
fifths  of  an  hour,  later  everr  day :  now  as  the  mooa  comes  to  the  metidiaii 
vitb  the  sun  on  the  day  or  new  moon,  the  time  that  she  comes  to  the 
meridian  after  the  sun,  on  any  day  of  her  age,  is  easUy  found  as  follows ; 

Tofind  the  TVme  of  the  Moon'i  Paaaage  otter  the  Meridian. 
RiTLZ.  Multiply  the  moon's  age  by  4,  and  divide  the  product  by  5;  the 
quotient  will  be  die  hours,  and  the  remainder,  multiplied  by  1 2,  the  mimites, 
past  noon  that  the  moon  comes  to  the  meridian.  Or  multiply  the  motm*! 
age  by  8,  and  point  off  the  right-hand  figure ;  then  the  leti-hand  fignie  or 
fisures  will  be  the  hours,  and  the  product  of  the  right-hand  figure  by  6,  tk 
mmutes,  past  noon  of  the  moon's  meridian  passage.  If  the  hours  exceed  1 S, 
subtract  that  time  &om  them,  and  the  remainder  will  be  tiie  time  of  the 
moon's  passage  orer  the  meridian  after  midnight 

Example  I.  Required  the  time  of  the  moon's  meridian  passage,  July  Sd, 
1838. 

Eput  for  1838 4  Moon'i  «gg    ...».»„..........._.  11  !)■;> 

Number  for  the  month i  4 

D*T  of  the  moDth S  

-  «)« 

Moon'iige 11  Dayi  


Hooo'i  pMM^  over  meridisa    Sh.  48iii.PJI. 

ExAUPLE  II.  At  what  Ume  will  the  moon  pass  the  meridian,  October 
S«d,  1840  ? 

EpBct  Tot  ISiO H  Hood'*  agt K  D*n 

Number  for  the  monlli   8  S 

Dn  of  the  montb tt  

—  SO.  8 

se  6 

30  

—  Moon  pMtM  tneridian   Mb.  4Sai.  PJL 

Mooo'i  igb. 26  Dkjt.  13      0 

Or  Bh.    4Sm.A.lL 

To  find  the  Time  of  High  Water  at  any  Place  on  any  given  Day 
of  the  MootCa  Age. 
Rdle.  To  the  time  of  the  moon's  meridian  passage  on  the  gnen  day, 
add  the  time  ofhigh  water  at  the  given  i^sce  oa  the  faW.  and  diaage  days 
(taken  &oin  Table  LIIL);  their  sum  is  ^e  time  rf high  water  at  Ae|ria«, 
past  noon,  on  the  given  day.  If  this  sum  exceed  IS  hours  84  mimitea, 
which  is  alwut  the  interval  betwerai  each  lucceedii^  tide,  snbtttci  \%  horn 
S4  minntes-from  it ;  or  if  it  exceed  S4  hours  48  minutes,  subtract  S4  homa 
48  minutes  from  it,  and  the  remunder  will  be  the  time  of  h%h  water  m  tlw 
afternoon  of  the  given  day.* 

*  It  !•  to  be  obeerred  that  tbe  ■bore  method  girea  the  time*  of  high  oater  in  nlartx 
a^)anm  time,  to  wUch  thBrCEfore  At  equMum  of  time  (taken  from  Page  I.  of  Hie  yitmtb  la 
the  Nautical  Almanac),  (hoold  be  applied,  to  rednce  them  to  ■Km  lime. — See  Page  153. 
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ExAHPLS  I.  Requind  the  time  of  hi^  water  at  London,  June  10th, 
1848. 

XfaMttrlSM. as  Uooa'fg*  JvaaVHh,  IS4B  ^     BD>7> 

Numbor  for  Jniw. 4  i 

OaToT  (lMiDOiitb...» 10  

—  S]  26  (1 

S9  

SO  MooD^ mmUImi  puMS  1h.iam. 

—  TiiiiastLondoii(TiblBlJIL)    S      T 
HocD^age 9  Dap  

->  Hi^  wsMr  Rt  LondoB 9    19  P.M. 

BxAHPLB  II.  At  iHut  time  will  it  be  high  water  in  the  Downs, 
Sqrtember  25th,  1847? 

EpKlforlUr 14  Haon'iigs Sept. 26tb,  1847  ...        IS  Dsyi 

Ktnnbw  for  SepuaAer J  8 

Day  of  the  moDth 9S  . 

—  Moon'i  meridUo  punn    ...  ISb.iSm. 
46  TimaatDovnitTBtileLIII.)  11     15 
30  

—  94     3 
Moio'i  agt .....................    16  Dsft     SubtnM  the  Ume  of  >  tide  =  IS    24 

~~  Hig^wMrintheDaviu  ...  11    39  P.M. 

The  preceding  method  of  finding  the  time  of  high  water,  which  is  that 
QBually  practiaed  at  sea,  is  founded  on  the  supposition  that  the  interval 
between  the  moon''s  passing  the  meridian,  and  uie  time  of  high  water,  is 
ahrays  the  same ;  but  we  have  already  observed,  in  the  theory  of  the 
tides,  that  the  eun  brings  on  the  ddes  sooner  in  the  first  and  third  quarters 
of  the  moon,  and  later  in  the  second  and  fourth  quarters,  than  if  they  were 
produced  by  the  influence  of  the  moon  only :  hence  it  will  be  subject  to  an 
error  on  this  account ;  besides  which,  the  moon^s  age,  as  above  found,  will 
frequently  be  more  than  a  day,  and  the  maon''B  meridian  passage  above  an 
hour,  wide  of  the  truth.  We  have  therefore  given  a  more  correct  method, 
with  the  toA  of  the  Nautical  Almanac,  in  which  the  moon's  position  with 
regard  to  the  sun,  her  distance  from  the  earth,  the  longitude  of  the  place, 
and  other  paTticulars,  are  taken  into  account.  The  result  of  this  method 
will  seldom  deviate  many  minutes  from  the  truth,  unless  when  the  tides 
■re  gieady  influenced  by  the  winds. 

METHOD  II. 

RuLS.  Find  the  time  of  the  moon's  meridian  passage,  in  mean  time,  on 
the  given  day,  in  Page  IV.  of  the  month  in  the  Naudcal  Almanac,  and 
reduce  it  to  the  time  of  her  passing  the  meridian  of  the  given  place  by 
TaUe  XVI. ;  with  this  time,  corrected  by  the  equation  m  time  to  the 
nearest  mmute,  taken  from  Pagell.  of  themonthin  the  Nautical  Almanac, 
by  iddition  or  nibtraction,  as  directed  at  the  top  of  the  column,  and  the 
moon's  semidiameter  from  Page  III.  of  the  Nautical  Abnanac,  take  out 
the  corresponding  correction  from  Table  XVI*,  which  add  to,  or  subtract 
from,  the  above  time,  as  directed  in  the  Table ;  to  the  sum  or  remainder 
add  the  time  of  high  water  at  the  g^ven  place  on  frill  and  change  days 
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(TaUe  LIII.),  «id  the  sum  will  be  die  time  of  h%fa  iraier,  in  mean  Nw, 
put  HOOD  of  the  given  day.  But  if  the  sum  exceed  12h.  24m.  or  2^  46d., 
•ubttact  those  times  from  it,  and  the  remainder  will  be  the  time  of  )u^ 
vster  nearly,  in  the  afternoon  of  the  given  day. 

But  ahoiild  greater  accuracy  be  required,  fm>ceed  thus : 

If  the  above  sum  be  more  than  12  hours,  and  le«s  than  21  honn,  die 
time  of  high  water  found  as  above,  will  be  that  on  the  following  monung; 
in  this  case,  therefore,  to  find  it  for  the  afternoon  of  tlra  given  day,  dim'muli 
the  moon's  passage  over  the  meridian  of  the  ship  by  ha&  the  difference  of 
the  passages  on  the  ^ven  and  preceding  days ;  then  proceed  as  before, 
rejecting  12  hours  from  the  result.  A^in,  if  the  above  sum  be  gns>a 
than  24DOUT8,  it  will  be  the  time  of  high  water  after  noon  of  the  folloviBg 
day ;  when  this  is  the  ca»e,  diminish  the  moon's  passage  over  the  meridiiD 
o(  the  ship,  by  the  whole  diflerence  between  the  passages  on  the  given  md 
preceding  days,  and  proceed  as  before,  rejecting  24  hours  from  the  lesolt. 

When  the  time  of  high  water  is  found  for  the  afternoon  of  the  gins 
daVi  the  time  of  high  water  on  the  preceding  morning  may  be  tbond  br 
subtracting  !C4  minutes  from  it ;  or,  on  the  following  morning,  by  adi% 
24  minutes  to  it 

ExAHPLE  I.  Required  the  time  ofhigh  water,  in  mean  time,  atFahmudi, 
on  October  27th,  1835. 

h.  a. 
Moon'i  meridian  pamge.  In  maui  tima,  by  Paga  IV.  Naudal . 
CtvrectioD  forSh.  lSiii.4-E<l-  of  time  ISoL^Sh.  31m.,  and  moo 
a  W  V  (TaUe  XVI'.)  


TiDWOfUgliwatarBt  Falmouth,  full  and  change  dayi  (Table  LIII.)...      fi    » 
Time  of  high  water  at  Falmouth,  In  mean  time,  October  17th,  1B35.  ...      S    3)  F.U 

ExAHPLB  II.  Bequtred  the  time  ofhigh  water,  in  mean  time,  at  Calom 
in  longitude  88°  27'  E.,  on  January  \ft&,  183£. 

b.    m.  ! 

Mooa'i  meridian  penu^  in  mean  ttm*.  at  Oramwlch,  January  ISth,  i 

by  Page  IV.  NantioalAlmanao  ID    H  I 

CorrectioD  to  daily  variation  S9m.,  and  long.  88°  17'  E.  (Table  XVI.)...     -    13 

Moon'i  meridian  pauage,  in  mean  time,  at  Odcutta  10    II  i 

Convction  lo  IDh.  15m.  — Eq.  of  tlmsSm,=I0li.6m.,  and  moon's leDiI-  ' 

diamel«r  at  midnij[fat  IS'  IS"  (Tablt  XVI.*)  +    » 

10    31 
Time  of  high  nater  at  Calcutta,  foil  and  change  dayi  (Talde  LIII.)   ...      >     i 

U    W 
Avenge  time  of  a  tide ~ IS    H 

Time  of  high  irawr  at  Calcutta,  In  mean  time,  Jannair  I9th,  1B3S...      1    16  T.H- 

Time  of  high  water  at  Calcutta,  In  mefui  lime,  on  the  fdlowing  morning      I    40  A.H. 
Time  of  high  water  at  Calcutta,  in  mean  time,  on  the  preceding  morning      0    ilAM- 
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ExAHPLK  III.  Bequired  the  time  of  Id^  waicg^in  mean  tiine>  BtHalifkx, 
in  longitude  63°  W  W.,  on  August  10tb,  1835. 

Hoon'i  msridiut  puawe.  In  mcBii  dme,  &t  Oreenwich,  Auguat  ISth,  b; 

^e  IV.  in  Nanticaf  Almunu    W    U 

ConvMlan  to  daily  Tmriatioo  Hot.,  and  kmf.  68°  M'W.  (Table  XTI.)    +      > 

Tima  of  nuxia'i  meridun  pauaga,  In  Duan  time,  at  Hali&s SI      4 

Ciiinwliiiii  to  91h.4m.  — E^.  of  tlma  8iii.=91h-  Im^and  ■noon'i  ■ami- 
diamaUiM  oooaonSOth,  16'  J"  (TaUa  XVI-.) +     It 

»  as 

nniB  tfUgb  water  at  Haliihztftill  and  dumgedari  (Table  LIII.) 8      0 

S9    U 

Araage  time  of  tiro  ^ei    94    4S 

TiM  of  Ugfavater  at  Halite,  in  mMa  time,  AnguH  19tb,  18U......      4    U  P.M. 

Tbe  last  two  Examples  msy  be  worked  more  correctly  as  follow : 
E^AHPLi  II.  Requiiedthetimeofhiffhwater,  in  mean  time,  at  Calcutta, 
m  longitude  8S°  27'  £.,  on  January  I2th,  183£. 

Hoon'i  meridian  panage,  in  mean  time,  at  Calcutta,  (ai  before)   10    IS 

Half  the  diSerenoet  of  paMagsa  (SSm.)  on  iht  given  and  preceding  dafi    —    M 


ConeotioD  to  9h.  49m.— Eq.  of  time  8m.=9h.  40i 
-- -|btoXVI.») 


9    49 

_^.„   _-j9m.=9h.40m_andiDOOn'iiemi. 

I5'lS"(TabtoXVI.»)... 

10    II 

Tfanoof  fal^  water  at  Calcatta,fiill  and  dumga  day*  (Table  LIII.)  ...      3      I 

IS     1« 

Subtract IS 

Time  of  high  water  at  Calcutta,  mean  time,  Jannery  ISih,  1885 1     IS  P.M. 

ExaHflb  III.  RegniTCd  the  time  of  high  water,  in  mean  dine,atHalifax, 
in  longitude  63°  34'  W.,  on  August  19th,  1835. 

Hoon'i  meridian  panage,  in  mean  tine,  at  Halifax  <bi  before) EI      4 

DiSBTsncea  of  pauogea  on  the  given  and  preoadingday* —    GS 

Hooa'i  meridian  pauage,  mean  time,  at  Halifax,  Anguit  18th 90    IS 

Correoion  to  90ti.  19m.— Eq.  of  time  4m.=90h.  8m.,    and  noon'* 

teniidiameter  at  noon,  Augait  19th,  14'  58"  (Table  XVI*.>    +      4 

SO    IS 
Time  of  high  water  at  Halifax,  foil  and  change  dayi  (Table  LIII.) 8      0 

ss'  1« 
Subtract S4      0 

Time  of  high  waiei  at  Halifax,  mean  time,  Augujt  19tb,  1835  4    16  P.M. 

NoTX.  Id  pagea  496,  497  of  the  Nautical  AlmanHi  for  1835,  tlie  mean  times  uf  hif^ 
w*t«r  at  Iiondtm  Bridge  are  given  for  every  day  throughoac  that  year,  and  will  wrve  to 
find  the  wme  at  any  placa  on  tbe  Coeeta  of  Great  Britain,  Iretend,  or  other  part*  near  the 
meridian  of  Oreenwich,  aa  r^cplained  in  page  540  of  that  Work. 
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EXAMPLES  FOA  EXERCISE. 
Required  the  times  of  high  water  at  the  foUowmg  placM  and  titHt. 
1.  At  Botany  Bay,  in  lon^tude  151°  16'  E.,  on  23d  NovembCT,  18^    ' 

An».  By  fint  method,  10b.  S4m.P.H.;  by  last  method,  9h.4gm.P.II. 
%  At  Boston,  in  longitude  71°  4'  W.,  on  9di  Apnl,  18S5. 

Ana.  By  first  method,  7h.  49m.  P.M.;  bylast  method,8h.51m.P.M, 
S.  At  Calcutta,  in  lon^tude  88°  27'  £.,  on  16th  September,  1835. 

Ana.  By  first  method,  9b.  57m.  P.M.;  by  htst  method,  ^.SOm.PJL 

4.  At  Bombay,  in  longitude  73°  54'  E.,  on  ISth  December,  18S5. 
Am.  By  first  method,  9h.  58m.  P.M.;  byla8tmed]od,Sb.l8m.P.)l 

5.  At  New  York,  in  longitude  74°  3'  W.,  on  20th  July,  1835. 
Ana.  By  first  method,  4h.  6m.  P.M. ;  by  last  method,  4 h. 44 mPM 

6.  At  Rio  Janeiro,  in  longitude  43°  16'  W.,  on  3d  July,  1835. 
Am.  By  first  method,  9h.  4m.  P.M.;  by  last  method,7h.  fiSm-PH. 

7.  At  Trincomal^,  in  longitude  81°  21'  E.,  on  26th  Janosry,  1836. 
Ana.  By  first  method,  2h.  48m.  P.M. ;  bylast  method,  4h.  ITm.  P.K. 

8.  At  Quebec,  in  longitude  71°  IfV  W.,  on  28th  June,  1835. 

Am.  By  first  method,  8h.  21m.  P.M.;  by  last  method,  8h.24in.P.lL 

To^ndtke  Time  of  High  Water  at  a  given  Place  on  the  fuU  and  duagt 

Daya  of  the  Moon,  ahen  the  Time  of  High  Wider  m  known  at 

that  Place  on  any  other  Day. 

RiTLE.  Reduce  the  time  of  the  moon's  meridian  passage  at  Greenm 
innteon  time,  found  in  Page  IV.  of  the  month  in  the  Naubcal  Almsnacl* 
the  time  of  hei  passing  over  the  meridian  of  the  given  place,  by  Table  XVIi 
to  this  time,  corrected  by  the  ecjuadon  of  time  to  the  nearest  minute,  t>te 
from  Page  II.  of  the  month  in  the  Nautical  Almanac,  by  additioDK 
subtraction,  as  directed  at  the  top  of  the  column,  apply  the  correctioD  fi^ 
Table  XVI*,  and  subtract  the  result  from  the  obserrea  time  of  high  wsterin 
mean  time  on  the  given  day :  the  remainder  will  be  the  time  of  high  tKS 
at  the  given  place,  on  full  and  change  days. 

But  should  the  time  to  be  subtracted,  oe  greater  than  the  observed  tin 
of  high  water,  from  the  time  of  the  moon's  meridian  passage  over  the  gi^o 
place,  subtract  half  the  difference  of  two  successive  passages,  and  tbu 
proceed  as  before,  adding  12  hours  to  the  observed  time  of  hkh  nJB> 
Again,  should  the  time  to  be  subtracted,  be  still  the  greater,  t^K  UK^w 
dilrerence  of  two  successive  passages  from  the  time  of  the  moon's  p**^ 
the  meridian  of  tiie  place,  and  proceed  as  before,  adding  24  hours  to  vt 
observed  time  of  high  water. 

Example  I.  Suppose  that  in  the  hatbour  of  Rio  Janoro,  in  iDngitw 
4*"  16'  W.,  on  the  3d  of  July,  1885,  the  time  of  high  water  shoulabetf 
7h.  55m.  P.M.,  required  the  time  of  high  water  on  the  full  and  changed';' 
of  the  moon. 
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Moua't  maUiaa  punge,  in  mem  time,  at  Oreenvich,  July  3d,  by 

Page  IV.  (tf  Nautical  AhnsDac  6    10 

C«i«etIimiod»ll]rTariadm49m.aiid  Inig.  40°  16' W.  (TableKVI.)    -f-      V 

Moon'*  meridlaa  panage,  In  mean  tima,  at  lUo  Janeiro ,..„      9    IS 

Coneotioii  to  6h.  ]&d.— Eq.  of  time  4ni.:=6h.  ISm.  and  moon'i  Beml> 

dlametei  Iff  0"  (Table  XVL*) „ —I      I 

S    15 
ObeeiTad  time  of  bi^  water,  in  mean  time 7    U 

Tima  of  higli  watar,  M  Bio  Janeiro,  on  full  and  obang*  (laTt    »....      S    MFJf. 

GxAHPLE  II.  Suppose  that  in  the  harbtmi  of  New  York,  in  longitude 
74°  8' W.,  on  the  ISth  February,  1836,  the  time  of  high  water  rfiould 
be  at  9h.  S6ni.  P.M.,  required  ^e  time  of  high  water  on  the  full  and 
change  days. 

h.    n. 
Hoon'amaridlan  pauage,  In  mean  dme,  at  Oreeinrich,Febniary  IStb,  br 

FagelV.  ofNautiolAlDwnao IS    «1 

Correction  lo  dtHy  nriation  SSm.,  and  long.  74'-8' W.  (Table  XVI.}...  -  +     10 

Mooa'i  maridian  paitage  In  mean  time  at  New  Yorti 19      1 

Half  tbe  differeaea  (52m.]of  [iaiHgn,mgiMn*ndfiill(nriDgdvri —    S6 

»    U 
Coireotlon  to  19b.  86m.— Eq.  of  time 'llm.=19b.  90m.  and  moon'i 

BonidiameUr,  at  midnigbt,  16'  6"  (Table  XVI  ■) —      8 

19    89 

ObMrredtima,tif  high  waur,  In  mean  time,+19banr» 91    98 

TiDM  of  high  water,  at  New  VoA,  on  fiill  and  ohaiige  dajr*  A    Sd  PJI. 


HADLEY'S  QUADRANT. 


It  is  gaaenllv  allowed  that  we  are  indebted  to  J<^n  Ha^ey,  Esq.  fin-  the 
inventifni,  or  at  leaat  the  lirst  public  account,  of  diat  admiratue  instrument, 
commonly  called  Hadley^a  Quadrant,  who,  in  the  year  1781,  ihst  com- 
Btumcsted  itB  prioctplee  to  the  H^al  Society,  which  were  by  ^em  published 
MOOD  after  in  their  Philowtpbical  Tranoactiona.  Before  this  period  the  Cross 
Staff,  and  Davis's  Quadrant,  were  the  only  instruments  used  for  measuring 
altitiides  at  sea ;  both  very  imp^ect,  and  liable  to  considerable  error  in 
rpiigh  weather :  the  superior  exoeUmce,  however,  of  Hadley's  Quadrant, 
soon  obtained  its  geqeru  use  among  seamen ;  aad  the  many  improremeBts 
this  instrument  ma  tecMved  from  ingraious  men  at  vanous  times,  have 
rendered  it  to  correct,  that  it  is  now  ^^ied,  widi  the  greatest  suoeess,  to 
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die  importanit  piBpuau  of  oBcertabuiig  bolfa  Ae  latkade  and  loofptaie 

•t  MS. 

Fi^re  I,  PUte  VIII.  ii  s  repnKiitatioD  of  Hadl^'s  Qaadnnt;  dw 
piinctpal  pirtB  of  whidi  are,  the  Octant,  or  Fimtne  abc;  the  Aidi,  or 
LimbBc;  the  Index  d;  theNoaiuB,oi  Vernier  Scale,  e;  the  ImlexGluar; 
the  Fore  Hoiiion  GUsb  e ;  the  Back  Horiwn  Glue  h  ;  the  Shades,  m 
DaA  Olawes,  i ;  and  the  Sight  Vaaei  x  and  l. 

The  Octant,  or  Frake,  is  generally  made  of  dwnj,  at  otfaer  had 
wood,  and  consiats  of  an  arch  finn^  attached  to  two  radii  m  bars  ab,  ac, 
which  are  strengthened  and  bound  by  the  two  braces  u  and  n,  in  flsdtr  te 
prevent  it  from  warping. 

The  AacK  or  Limb,  although  tmly  the  «ghtfa  part  of  a  cirde,  is,  <■ 
account  of  the  double  reflection,  divided  into  90  degrees,  numbered  0, 10, 
90,  SO,  Etc  from  right  towards  the  left ;  these  are  subdivided  into  S  part^ 
containing  each  20  minutes,  which  are  again  subdivided  into  single  miDiile^ 
by  means  of  die  scale  at  the  end  of  the  Index.  The  arch  extending  from  0 
towards  the  right-hand,  is  called  the  arch  of  exoeat. 

The  Indkx  isaflat  brass  bar,  that  turns  on  the  centre  of  the  inatmiseaL 
At  the  lower  end  of  the  index  diere  is  an  oblong  opening.  To  one  ade  «f 
this  opening  a  nonius  scale  is  fixed,  to  subdivide  the  diviuons  of  the  artJi. 
At  the  bottom,  or  end  of  the  index,  there  is  a  piece  of  brass  which  bends 
under  the  arch,  carrying  a  spring,  to  make  the  nonius  scale  lie  doae  to  the 
divisions ;  it  is  also  furnished  wiui  a  screw,  to  fix  the  index  in  any  deond 

ng  or  ttm^ent-tcrew  fitted  to  the 
index,  that  it  may  be  moved  more  slow]^,  and  with  greater  r^ulariqr  and 
accuracy  than  by  the  hand :  it  is  proper,  however,  to  observe,  that  Ae 
index  must  be  previously  fixed  near  its  ri^t  poation  by  Uie  above- 
mentioned  screw,  before  the  adtusong  screw  is  put  u  motion. 

The  Nonius  is  a  scale  fixed  to  the  end  of  Has  index,  for  the  purpose,  as 
before  observed,  of  dividing  the  subdivisions  on  the  arch  into  mioutes. 
It  sometimes  contuns  a  space  of  7  d^reee,  or  21  subdivisions  oi  the  Umb> 
and  is  divided  into  £0  equal  parts ;  hence  each  division  on  the  nonius  wiB  be 
one-twentieth  part  greater,  uiat  is,  one  minute  longer  than  dK  divisions  on 
the  arch ;  consequently,  if  the  first  divinon  of  the  nonius,  marked  0,  be  ael 
precisely  apposite  to  any  d^ree,  the  reladve  position  of  tbe  n<«uu8  and  Ae 
arch  mnat  be  altered  one  minute  before  the  next  division  on  the  lUMdus  i^ 
coincide  with  the  next  division  on  the  arch.  The  second  division  will  leqmre 
a  change  of  two  minutes ;  the  third  of  three  minutes ;  and  so  on,  till  tbe 
20th  stroke  on  the  nonius  arrives  at  the  next  20  minutes  on  the  ardi ;  the 
0  on  the  nonius  will  then  have  moved  exactly  20  minutes  &om  the  divisioB 
whence  it  set  out,  and  the  intermediate  diviaionB  of  each  minute  have  bea 
regularly  pointed  out  by  tbe  divisions  of  the  nmiuB. 

The  divieions  of  the  nonius  scale  are  in  the  above  case  reckoned  firm  the 
middle  towards  the  right,  and  from  the  left  towards  die  middle;  tbraefore 
the  first  10  minutes  are  contuned  on  the  right  of  the  0,  and  tbe  other  1 0  on 
the  lef^  But  this  method  of  reckoning  the  divisions  being  found  iuccn- 
venieiit)  they  are  more  gmerally  counted,  b^^ning  from  the  right-hand 
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towuds  the  left ;  aa^  then  SO  diTisioiiB  on  the  nmniu  ire  equil  to  19  on 
the  limb :  consequently  one  divifiion  on  the  arch  will  exceed  one  on  tbo 
noniua  1^  one-twentieth  part,  that  is,  one  minute. 

The  0  on  the  nonius  points  out  the  entire  dq^rees  and  odd  tweatf 
minotea  subtended  by  the  objects  observed;  and  if  it  coincide  with  a 
drrision  on  the  aich,  points  out  the  required  angle :  thus,  suppose  the  0 
on  the  nonius  stands  at  26  degrees,  then  S6  degrees  will  be  the  measure  of 
the  an^e  observed ;  if  it  coincides  with  the  next  division  on  the  lef^hand, 
S6  dc^ees  90  minutes  ia  the  angle ;  if  with  the  second  division  beyond  US 
degrees,  then  the  angle  will  be  S5  degrees  40  minutes ;  and  so  on  in  every 
instance  where  the  0  on  the  nonius  coincides  with  a  division  on  the  arch ; 
but  if  it  do  not  caindde,  then  look  for  a  division  on  the  nonius  that 
■tands  directly  opposite  to  one  on  the  arch,  and  that  division  on  the  nonius 
gives  the  odd  mmutee  to  be  added  to  that  on  the  arch  nearest  the  right- 
hand  of  the  0  on  the  nonius :  for  example^suppose  the  index  division  does 
not  coincide  with  25  degrees,  but  that  the  next  division  to  it  on  the  nonius 
is  the  first  coincident  dividon,  then  is  the  required  angle  25  degrees 
1  Bunute;  if  it  had  been  the  seoHid  division,  the  angle  would  have  been  35 
d^iees  2  minutes,  and  so  on  to  20  minutes,  when  the  0  on  die  nonius 
wonld  coincide  with  the  first  20  minutes  on  the  arch  from  25  degrees. 
Again,  let  us  nippoee  the  0  on  the  nonius  to  stand  between  50  d^rees  and 
50  decrees  20  nunutes,  and  that  the  15th  dividon  on  the  nonius  coincides 
with  a  division  on  the  arch,  then  is  the  angle  50  d^rees  15  minutes. 
Further,  let  the  0  on  the  nonius  stand  between  45  degrees  20  minutes  and 
45  degrees  40  minotes,  and  at  the  same  time  the  14th  division  on  the 
nonios  stands  direcdy  opposite  to  a  division  on  the  arch,  then  will  the  angle 
be  45  decrees  S4  minutes. 

The  Indkx  Glass  is  a  plane  speculum,  or  mirror  of  glass  quick- 
nlvered,  set  in  a  brass  frame,  and  so  placed  that  the  face  of  it  is  perpendi- 
cular to  the  plane  of  the  instrument,  and  immediately  over  the  centre  of 
motion  of  the  index.  This  mirror  being  fixed  to  the  index,  moves  along 
with  it,  and  has  its  direction  chained  by  the  motion  thereof. 

This  glass  is  designed  to  reflect  tne  image  of  the  sun,  or  any  other 
object,  npon  either  of  the  two  horizon  glasses,  from  whence  it  is  reflected  to 
Ac  eye'of  the  observer.  The  brass  frame,  with  the  glass,  is  fixed  to  the 
index  by  two  screws  at  the  back  ;  the  other  screw  b  serves  to  place  it  in  a 
perpendicular  posidon,  if  by  any  acddent  it  has  been  put  out  of  order. 

The  HuKizoN  Glabsks  are  two  small  speculums  on  the  radius  a  B  of 
the  frame ;  the  surface  of  the  upper  one  is  parallel  to  the  index-glass  when 
the  0  on  the  nonius  is  at  0  on  the  arch ;  these  mirrors  receive  the  rays  of 
the  object  reflected  from  the  index-glsra,  and  transmit  them  to  the  observer. 
1*be  nre  horison-^ass  o  is  only  silvered  on  its  lower  half,  the  upper  half 
bdng  transparent,  in  order  that  the  durect  object  may  be  seen  through  it. 
The  back  horiion-glass  h  is  dlvered  at  both  ends ;  in  the  middle  there  is 
ft  transparent  slit,  through  which  the  horizon  may  be  seen.  Each  of  these 
glasses  is  set  in  a  brass  name,  to  which  there  is  an  axis ;  this  axis  passes 
Birroi^h  the  wood  work,  and  is  fitted  to  a  lever  on  the  under  side  of  the 
quadrant,  by  which  the  glass  may  be  turned  a  few  d^rees  on  its  axis,  in 
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ndtr to mt-iita,£ut of  ^  fi»e  boRMR-glm  podld,  or ilmtot Om tmA 

IwctMB-gltM  St  right  aMgles,  to  the  index-gUsa. 

To  wt  the  kUsm«  perpeiwbcalar  to  the  fdane  <£  the  qiudrgnt,  tho*  an 
twamnk  Kiwa,  one  bdon  asd  one  bdnad  eadi  ^ub:  Aeae  screws  pMi 
through  the  pUte  on  which  the  fnnw  is  fixed  into  snother  [Jste,  so  thstiiy 
loosening  one,  and  tighteniiw  the  other  of  these  screvs,  the  direction  c£  tie 
frsme,  with  its  mirror,  may  m  altered,  and  thus  be  set  perpencficular  to  the 
plane  of  the  instrument. 

The  Dabk  Glasses,  or  Shades,  are  used  to  prerent  the  bright  m^ 
of  the  sun,  or  glare  of  the  moon,  &om  hurting  the  eye  at  the  time  ef 
observation.  There  are  generally  three  of  them,  two  red,  and  one  green. 
They  are  each  set  in  a  brass  frame  which  turns  on  a  centre,  so  that  tbcy 
may  be  used  separately  or  together,  as  the  bnghtcess  of  the  object  may 
require.  The  green  glass  may  be  used  also  alone,  if  the  sun  be  very  fttnt: 
it  IB  likewise  used  in  talcing  observadons  of  the  moon.  When  these  glasata 
are  used  for  the  fore  obserralion,  they  are  fixed  at  i,  as  in  Figure  1 ,  bat  fW 
the  back  obaemtioii,  they  are  removed  to  0. 

The  SioHT  Vanes  are  ineces  of  bnss,  standing  perpendicular  to  tfw 
plane  of  the  instrument :  that  one  which  is  opposite  the  fore  horiaon,  b 
called  the  ptre  aight  vane,  the  other  the  back  ngkt  vane.  There  are  two 
holes  in  the  fore  sight  vane,  the  lower  of  which,  and  the  upper  edge  of 
the  silvered  part  of  the  fine  horizon-glass,  are  equidistant  ftota  the  idane 
of  the  instrument,  and  the  other  is  opposite  to  the  middle  of  the  transparent 
part  of  that  glass  ;  the  back  sight  vane  has  only  one  hole,  which  is  exacthr 
opposite  to  the  middle  of  the  transparent  sUt  in  the  horison-glass  to  whica 
it  bdoDga. 

ADJUSTMENTS  OF  HADLEY'S  QUADRANT. 

The  several  parts  of  the  Quadrant  being  liable  to  be  out  of  order,  &om  a 
variety  of  accidental  circumstances,  it  is  necessary  to  examine  and  a<^ost 
them,  so  that  the  instrument  may  be  put  into  a  proper  state  previous  to 
taking  observaoons. 

An  instrument  properly  a^usted,  must  have  the  index-glass  and  horison- 
glasses  perpendicular  to  uie  plane  of  the  Quadrant ;  the  plane  of  -the  fora 
horison-glass  parallel,  and  that  of  the  back  horixon-glass  perpendicular  to 
the  plane  of  the  index-glass,  when  the  0  on  the  nonius  is  at  0  on  the  arcfa : 
brace  the  Quadrant  requires  five  adjustments,  the  first  three  of  which  beiiig 
once  made,  are  not  so  hable  as  the  last  two  to  be  out  of  order:  however,  tbey 
should  all  be  occasionally  examined,  in  case  of  accident. 

I.  TotetthePUmeofthelndm^loMaperpendicuiartolktao/ 
the  Irutrument. 

Place  the  index  near  to  the  middle  of  the  arch,  and  holding  the  Quatkaut 
in  a  horizontal  position,  with  the  index-glass  close  to  the  eve,  look  obliqudy 
down  the  glass,  in  such  a  manner  that  you  may  see  the  ari^  of  the  Quadrant 
by  direct  view,  and  by  reflection  at  the  same  tune  ;  if  they  join  u  one  direct 
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Use,  «■!  tbeMdiKm  by tefiectiDn  fimna  in  vxaetvkmty-  or'MAilhRv 
with  the  Kch  seen  by  direct  riew,  the  ^sn  is  papcndioidar  to-  tbsflMVof 
the  Qtutdmit;  if  not,  it  miwtbe  lestcnedto  its  nght  pootion  byloeseNing 
the  two  mnkea  acrews,  and  tightening  the  screw  b,  or  vice  vend,  by  t^bv- 
oBiiig  the  sunken  sciewi,  and  leleaaing  the  scieir  s. 

II.  To  »et  the  Fore  Horisson-Glaaa  parallel  to  the  Indew-Glasa, 
the  Index  being  at  0. 

Set  the  0  on  the  nonius  exactly  fV^Bt  0  on  the  arch,  and  fix  it  there 
by  the  screw  at  the  under  side.  Then,  holding  the  Quadrant  vertically, 
with  the  arch  lowermost,  look  through  the  Hght-Tane  x,  at  the  edge  of  the 
sea,  or  any  other  well-defined  and  autant  object.  Now,  if  the  horizon  in 
the  silvered  part  exactly  meet,  and  form  one  continued  line  with  that  seen 
through  the  unGilvered  part,  the  hoiizon-^ass  is  parallel  to  the  index-glass. 
But  if  the  horizons  do  not  coincide,  then  loosen  the  button-screw  in  the 
middle  of  the  lever,  on  the  under  side  of  the  Quadrant,  and  move  the  horizon- 
^ass  on  its  axis,  by  turning  the  nut  at  the  end  of  the  adjusting  lever,  till 
you  have  made  them  perfectly  coincide ;  then  fix  the  lever  firmly  in  this 
situation  by  tightening  the  button-screw.  This  adjustment  ought  to  be 
repeated  before  and  finer  every  observation.  Some  observers  adopt  the 
foUowingmethod,whichiBcalledfinding  the  in tie^  error: — Let  the  horizon- 
glass  remain  fixed,  and  move  the  index  till  the  image  and  object  coincide; 
wen'  observe  whether  0  on  the  nonius  agree  with  0  on  the  arch ;  if  it  do 
not,  the  number  of  minutes  by  which  they  differ,  is  to  be  added  to  the  observed 
altitude  or  angle,  if  the  0  on  the  nonius  be  to  the  right  of  the  0  on  the  arch ; 
but  if  to  the  left  of  the  0  on  the  limb,  it  is  to  be  subtracted. 

It  has  already  been  observed,  that  diat  part  of  the  arch  beyond  0,  towards 
the  right  hand,  is  called  the  arch  of  excess :  the  nonius,  when  the  0  on  it  is 
at  that  part,  must  be  read  the  contrary  way ;  or,  whidt  is  the  same  thing, 
you  may  read  off  the  minutes  in  the  usual  way,  and  then  their  complement 
to  SO  minutes  will  be  the  real  nomber,  to  be  added  to  the  degrees  and 
minutes  pointed  out  by  the  0  on  the  nonius. 

III.  T^tetthe  Fore  Horisson-GUua  perpendtoular  to  the 
Plane  of  the  Quadrant. 

Having  pre^rionsly  made  the  above  adjustment,  incline  the  Quadrant  on 
one  side  as  much  as  possible,  provided  the  horizon  continues  to  be  seen  in 
both  parts  of  the  glass.  If,  when  the  instrument  is  thus  inclined,  the  edge  of 
the  sea,  seen  through  the  lower  hole  of  the  sight-vane,  continue  to  fbrm  one 
unbroken  line,  the  horizon-Rlass  is  perfectiy  adjusted ;  but  if  the  reflected 
borizoB  be  separated  from  that  seen  by  direct  vision,  the  specnlnm  ik  not 
perpendicular  to  the  jdane  of  the  Quadrant:  then  if  the  limb  of  the  Quadrant 
be  incbned  towards  the  horiion,  with  the  face  of  the  instrument  upwards, 
and  file  reflected  sea  appear  higher  than  tihe  real  sea,  you  must  slacaen  the 
screw  belbre  tUte  horizon-glass,  and  tighten  that  which  is  behind  it;  but  if 
the  reflected  sea  spp«>r  lower,  the  contrary  most  be  performed.  Care  must 
be  always  tak^  in  this  adjustment,  to  loosen  one  screw  before  the  other  is 
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Mxewed  wp,  and  to  leave  the  adjuiting^  actewa  tif^t,  or  so  si  to  draw  widi 
a  moderate  force  against  eadi  other. 

This  adjustment  may  be  also  made  by  the  sun,  moon,  or  a  star :  in  tin 
case  tbe  Quadrant  is  to  be  hdd  in  a  vertical  poation ;  if  the  image  aeen  bj' 
reflection,  appear  to  the  risht  or  left  of  the  ol^ect  aeen  directly,  then  iIk 
glus  must  be  adjusted,  as  before,  by  the  two  Bcrevs.  This  will  be  fariba 
explained  in  the  use  of  the  Sextant. 

Some  Quadrants  have  a  vertical  screw  at  the  back  of  the  instrument,  by 
which  the  adjustment  is  made. 

It  will  be  necessary,  after  having  made  this  adjustment,  to  examine  if  dit 
horizon-^Iass  sdll  continue  to  be  parallel  to  the  mdex^^lass ;  as  sonetimQi, 
by  turning  the  sunken  screws,  the  plane  of  tbe  boriaoa-^aas  will  have  itt 
position  altered. 

IV.  To  set  the  Back  Horiimn-GlaM  perpendicutar  to  the  Plane  t^ 
the  Index-Olaea,  0  on  the  Ifomiu  bkng  at  0  on  the  Arch, 

Let  the  0  on  the  nonius  be  put  as  much  to  the  r^ht  of  0  on  tbe  ardi  as 
twice  the  dip  (taken  from  Table  V.)  amounts  to :  hold  the  Quadrant  m  a 
vertical  position,  and  apply  the  eye  to  the  back  sisht-vane  l  ;  then  if  ifte 
reflected  horizon,  which  will  appear  inverted,  or  upside  down,  ctant^de  witk 
that  seen  direct,  the  glass  is  adjusted ;  otherwise  tne  screw  in  the  middfe  rf 
the  lever,  on  the  under  side  of  the  Quadrant,  must  be  slackened,  and  the 
nut  at  its  extremity  turned  till  both  horiions  coincide. 

V.  To  set  the  Back  Horiimn-Glau  perpeniieulaT  to  the 
Plane  of  the  Quadrant. 
This  adjustment  is  performed  by  holding  tbe  Quadrant  neariy  psraDd 
to  the  homon,  and  directing  the  sight  through  the  back  aight-vane ;  tha, 
if  the  true  and  reflected  horizons  appear  in  the  same  strait  Une,  the  ^aas  is 
perpendicular  to  the  plane  of  the  instrument ;  but  if  tJiey  do  not  cointidet 
turn  the  sunken  screws  in  the  pedestal  of  tbe  glass,  till  both  appear  to  farm 
one  strait  line. 

USE  OF  HADLEVS  QUADRANT. 

The  use  of  the  Quadrant  is  to  ascertain  the  angle  subtended  by  two 
distant  obiects  at  the  eye  of  the  observer ;  but  principally  to  observe  tbe 
altitude  of  a  celestial  object  above  the  horison:  this  is  pointed  out  by  tbe 
index,  when  one  of  the  objects  seen  byreflection,ismade  to  ctnncide  vradi  tbe 
other,  seen  throtigh  the  trsnspuent  part  of  the  horixon.^asB. 

There  are  two  different  methods  of  observing  altitudes  with  a  Quadrant: 
one  is  when  the  observer's  face  is  directed  towards  the  celestial  body,  and  it 
is  brought  down  by  reflection  to  that  part  of  the  hortaon  immediately  mder 
it ;  the  altitude  is  in  this  oue  said  to  be  taken  by  a  fare  obaervaOon ;  the 
other  method  is  when  the  observer's  back  is  towards  the  object,  md  it  is 
brought  over  to  the  opponte  part  of  the  horizon,  and  is  thcmce  called  a  iadk 
obeenaiion.  This  latter  method  of  observing  is  very  seldom  used,  and  b 
requisite  only  when  the  horizon  under  the  object  is  broken  by  adjacent  abom^ 
or  rendered  mdislinct  by  fogs,  or  any  other  impedimenl& 
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n  take  an  JUitudetfthe  Sun,  Mootitor  a  Star,by  a 
Fore  Obaervation. 

Having  pTeviousIy  adjusted  the  uutrument,  pUce  the  0  on  the  noniuB 
oi^xmte  to  0  OD  the  arch,  and  turn  down  one  or  more  of  the  screena,  accord- 
bg  to  the  brightness  of  ^  sun ;  then  apply  the  eye  to  the  upper  hole  in  the 
fine  sight- vane,  if  the  Bun^a  image  be  very  bright,  otbenrise  to  the  lower,  and 
bohfing  the  Quadrant  verdcally,  look  direcdy  towards  the  sun,  so  as  to  let  it 
be  behind  thenlvered  part  of  the  horizon-glass,  then  the  coloured  sun''s  image 
irill  appear  on  the  speciilum.  Move  the  mdex  forwards  till  the  sun's  image, 
which  will  appear  to  descend,  j  ust  touch  the  horizoo  with  its  lower  or  upper 
limb.  If  the  upper  hole  be  looked  through,  the  sun's  image  must  be  made  to 
appear  in  the  middle  of  the  transpareut  part  of  the  horizon-glass;  but  if  the 
lower  hole,  hold  the  Quadrant  so  that  the  sun's  image  may  be  bisected  by  the 
linejoining  the  ulvered  and  transparent  parts  of  the  horizon-glass. 

The  sun's  limb  ought  to  touch  that  part  of  the  horizon  immediately  under 
the  sun ;  but  as  this  point  cannot  be  exactly  ascertained,  it  will  therefore  be 
necessary  for  the  observer  to  give  the  Quadrant  a  slow  motion  Irom  side  to 
ode,  turning  at  the  same  dme  upon  his  heel,  by  which  motion  the  sun  will 
^pear  to  sweep  the  horizon,  and  must  be  made  just  to  touch  it  at  the  lowest 
part  of  the  arcA :  the  d^rees  and  minutes  then  pointed  out  by  the  index  on 
the  limb  of  the  Quadrant,  will  be  the  observed  altitude  of  that  limb  which  is 
brought  in  contact  with  the  horizon. 

In  this  manner  the  altitude  of  the  moon,  or  a  star,  may  be  taken  by  a  fore 
observation,  remembering  that  when  the  moon  is  the  object,  her  enlightened 
dde  is  to  be  brought  to  the  horizon,  whether  it  be  the  upper  or  lower  limb. 

When  the  meridian,  or  greatest  altitude,  is  required,  the  observadon  should 
be  commenced  a  short  time  before  the  object  comes  to  the  meridian.  Being 
brought  down  to  the  horizon,  it  will  appear  for  a  few  minutes  to  rise  slowly, 
when  it  is  agun  to  be  made  to  coincide  with  the  horizon,  by  moving  the  index 
forward :  this  must  be  repeated  until  the  object  begin  to  descend,  when  the 
index  ia  to  be  secured,  and  the  observation  to  be  read  off. 

Note.  For  the  methods  of  finding  the  time  of  the  moon's,  or  a  star's,  pass- 
ing the  meridian,  see  the  Explanation  to  Tdbles  XVI,  XLIII,  and  XLI V. 

To  take  an  AUitude  of  the  Sun,  Moon,  or  a  Star,  by  a 
Back  Observation. 
Place  the  dark  glasses  in  the  h<de  near  the  back  horison-gUss,  and  turn 
one  or  more  of  them  down,  according  to  the  brightness  of  the  sun ;  lIwD, 
kxJdng  through  the  back  sigfat-vane  towards  that  part  of  the  horison  <^>posite 
the  BUD,  the  Quadrant  beii^  held  vertically,  move  the  index  till  the  sun's 
image  be  seen  on  the  nlvernd  part  of  the  ^ass,  and  giving  the  Quadrant  a 
slow  vibratory  motion,  the  sun  will  appear  to  describe  an  arch  wi^  its  convex 
side  upwards.  Biii^  one  of  the  limbs  in  contact  with  that  part  of  the  hotison 
seen  llirough  the  transparent  slit  when  it  is  in  the  upper  part  of  this  arch, 
and  the  d^rees  and  minutes  pointed  out  by  the  index,  will  be  the  altitiide  of 
the  other  hmb;  for  in  the  back  observation uie  im^e  of  the  object  is  inverted. 
In  the  same  manner,  the  altitude  of  the  moon,  or  a  star,  may  be  taken,  ob^ 
serving  to  bring  the  enlightened  limb  of  the  moon  in  contact  with  the  horizon 
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LATITUDE  BY  OBSERVATION. 

THE  latitude  of  a  place  is  its  distance  from  the  equator,  other  nor^v 
south,  and  i*  meaaurM  by  an  arch  of  a  meridian  contained  between  tbc 
Knith  and  the  equinoctial :  hence,  if  the  distance  of  any  heavenly  bodrfnn 
the  senith  when  on  the  meridian,  and  its  declination,  or  number  oFw^no 
and  minutes  it  is  to  the  northward  or  southward  of  the  equinoctial,  be  giTto, 
the  latitude  may  thence  be  found. 

The  meridian  lenith  distance  of  an  object  is  found  either  from  its  iltitnde 
talccn  when  on  the  meridian,  or  from  one  or  two  altitudes  obeerred  rin 
out  of  the  meridian. 

Altitudes  of  the  sun  or  moon  taken  at  sea  require  four  correctioiii,  in 
order  to  obtain  the  true  altitude  of  their  centre:  these  are  for  semidiamela, 
dip,  refraction,  and  parallax*.  When  the  altitude  of  a  star  is  obsent^ 
the  corrections  for  dip  and  refraction  only  are  to  be  applied.  The  panllu 
of  the  sun  or  a  planet  being  but  a  few  seconds,  is  seldom  noticed  in  finifif 
the  latitude  at  sea. 

Tofnd  the  Latitude  of  a  PUux  by  the  Meridian  Altitude  tf  the  Sim. 

Rule.  From  the  observed  altitude  of  the  sun's  limb  (corrected  fif 
index  error,  if  any),  subtract  the  dip  answering  to  the  height  of  theqt 
above  the  horiion  (found  in  Table  V.),  when  the  altitude  is  taken  by  a  (nf 
observation,  or  add  it  in  a  back  observation,  and  the  result  will  be  ih 
apparent  altitude  of  the  observed  limb ;  from  which  subtract  the  re&sctin 
corresponding  to  that  altitude  (taken  from  Table  IV.),  and  the  remainda 
will  be  the  true  altitude  of  the  observed  limb. 

When  the  sun's  lower  limb  is  observed,  add  the  sun's  aemidiametti 
(16  minutes),  but  if  the  upper  limb  be  observed,  subtract  it;  and  the  sm, 
m  remunder,  will  be  the  true  altitude  of  the  sun's  centre^:  or,  when  tk 
altitude  of  the  sun*s  lower  limb  is  observed  by  a  fore  observatian,  tbc 
correction  fbr  the  joint  eflect  of  the  semidiameter,  dip,  refi^ctioii,  ud 
parallax,  may  be  taken  at  once  from  Table  IX. 

Subtract  tne  true  altitude  of  the  sun's  centre  from  90°,  and  the  lemiio- 
der  will  be  the  sun's  true  meridian  lenith  distance,  which  is  to  be  aOtd 
north  or  south,  according  as  the  observer,  or  his  lenith,  is  north  oiioaA 
of  the  sun  at  the  time  of  tmservation. 

Take  the  sun's  declination  from  Table  X.,  and  reduce  it  to  the  moi^ 
of  the  ship  (when  the  longitude  ia  considerable)  br  Table  XI.,  minf 
whether  it  be  north  or  south :  then  if  the  senith  distance,  and  dedin*- 
tion,  be  both  north,  or  both  touth,  add  them  together ;  but  if  one  be  notb, 
and  die  other  south,  subtract  the  less  from  the  greater,  and  die  sun,  ■ 
difference,  will  be  the  latitude,  of  the  same  name  with  the  greater. 

*  For  tn  expl&natltm  of  these  comcliani,  tee  pags  14S,  Ac 

t  Many  leaaien  add  II  or  13  miouMs  to  Ihg  <AMiTed  altitude  of  tin  lower  limb  OMinfM 
dlffweDee  betremi  the  Kmidiameter  and  the  dip),  and  omit  the  oomcdim  for  retnctlw  "1^ 
gMhar;  but  (hit  oagbotwOl  fmnuntly  prodnoB  an  smn'  ef  inanl  nrihi  la  A*  ItfM* 
etpcdsllj  whan  th»  maridlaa  alatods  u  imall. 


):,GoogIc 


OM  riMDIMG  THE  LATITnDB  BY  A  ICXKISIAN  ALTITUDE. 


181 


Note.  If  it  be  required  to  worh  the  olMervation  to  seconds,  the  snn^s 
§emidiftineter  is  to  be  taken  from  Page  II.  of  tbe  moDth  in  the  Naulkal 
Ahnsnac;  the  declination  for  apparent  noOn  at  Gieenwich,  from  Page  I.  <^ 
the  same ;  and  the  latter  reduced  to  noon  at  the  meridian  of  die  uup  by 
Table  XXI^.  Take  also  the  sun's  correction  in  altitude,  which  is  the 
difltrence  of  his  refraction  andparallax,  from  Table  XVIII.,  instead  of  the 
refraction  onlvi  as  shewn  in  Table  IV.  When  tlie  horizon  under  the  sun 
is  obstructed  by  land,  tbe  dip  is  to  be  taken  from  Table  VIII. 


EXAMPLE  I. 


EXAMPLE  II. 


Jane  18,  183S,  tlia  meridlui  altitude  of  Seplanber  SI,  18S7,  In  loDgttnda  60*  E., 

iht  nui'i  loiver  limb  vu  43°  1 B',  tha  oburrar  tbs  meridian   aldtude  of  tha  iud'i  lowar 

WogNorUi  of  thaann,  aod  hit  c)«  eJeratod  limb  watS^Sff,  tbe  obaarrsr  bong  Sooth  of 

WfeM  aboTB  tha  nuface  of  the  aaa:  raquired  '  ..........  ».  .    . 

iht  latitude  of  (he  place  of  obaerration,  to 
tba  naanal  minute. 


,.  43    14         B«b«cUoi)  <1 


Trua  alt.  iiiu'a  lower  limb  .. 


Snn'i  tnie  noith  diMMwe  .... 
Son'a  dacUoarion  (Table  X.}  .. 


Son'*  true  wniih  diitanoe 38  94  S. 

81 N.  Sun'!  dwdlnaUim  (Tab.  X.)  VtV  i/,  a»k 

85N.  (3ott.  forlong.(TableXI.)  +  4  J"  **  "■ 

~HN.  I^Utude  8i  SB  S. 


EXAMPLE  IIL 

JaDuaryS,  1S3S,  inlongimdellff*  W.,the 

Ter  being  i 


hitejcelerated-Safeet:  required  the  latituiie     latitude 


EXAMPLE  IV. 

.  1840,  in  longitude  85°  W., 

the  meridian  altitude  li  the  mia'a  loner  Umb, 
bj  a  back  obaerTaCian,  vfis  16^39'  Sooth,  the 
height  of  the  eye  tifliag  SO  feet :  required  the 


App.mlL  tnQ 
B«6ictlni.„ 


.  16 


lUoactioD 


■It.  mo'i  lower  limb ... 


Tine  ah.  «on'«  centre 38    938.     Tme  alt.  aim'i<«ntre   16    45S. 


Sui'a  true  unith  diitauca SI      7N.    Sim'a  tme  leoith  diitaoca 73    If  N. 

Bdd-i  dedin.  (Tab.  X.)...  »°19't  „      .-      Snn'i  declin.  (Tab.  X.)...S3°94'I 
CoTT.fcrlons.  (Table  XI.)-    *i  Corr.  (or  teig.  (Tab.  XI.)  - 


1      S8.     Utitud 


»*'}S3    «4a 
..  48    SI  N. 


re  oorreody  by  Table  XXXIIL-Sm  tbe  EipUaaOMi  to  thrt  TiM*. 

L ,CioOQlc 


IM 


OH  FIHDIHO  THE  LATITVBI  IT  A  HEBIDIAN  ALTITUDE. 


EXAMPLE  VT. 


EXAMPLE  T. 

HmTS9,1836,  tn  longitude  S(r>  W.,  the         Nnrcmber  91,  1835,  In  longitude  lfi°E^ 

maridian  iltiniili  of  the  nui't  lower  limb  the  merldlai)  iltitnde  of  tha  nm't  Imret  linb 

waa  obaarred  (o  be  WirmT.  theaeolth  wai  abaarred  tobeir39'U''&,dwbd^ 

beliu  North  of  duiuD,  and  the  height  <]f  the  of  the  oyg  bring  IB  feat:  required  tluU. 

eye  il  (eet  i  nfobed  the  latltuda     .  nda. 


...  il  U  UN. 

I»  44  118. 

Obi.  alt.  nm-.  lower  limb.  .. 

...  «S  U  SO 

Obi.  alb  nn'i  lower  limb 

47  361*3. 

An.  alb  fUA'*  lower  Umb  .. 
Rife^Hott 

...  OS  37  48 
...   ~    0  » 

App.  alt-  mn'i  lower  limb 

Rerr.-pa»Ilu  (Tab.  XVf  II. 

47  33  41 
-    OU 

True  alt.  nin'i  hnrer  limb 69  87  S3 

True  alL  nu'i  lower  Umb. 4f  31  SS 

Sun'i  iemidlaaetar  by  N.  Aim.  +  16  11 

Tniaalt.       '        tro 

M 

90 

Sm\  tnie  andth  dlitBDca  .. 
Snn'i  tedocid  dedinatlim    .. 

...  S4    «  49  N. 
...  SI  34  UN. 

Sim'«  true  aedth  diranee..... 

49  IIUR- 
19  44  41 S. 

letltode 

...  4S  41    ON. 

Utltnde  

««7»N. 

EXAMPLE  VIL 
Angiut  99,  laSS,  in  longitude  ff  Weat, 
the  meridian  altitude  of  the  iun'i  lower  limb 
wai  77°  49*  30",  the  obMrrer  being  Sonth  of 
the  lUD,  the  heiriit  of  hla  eye  SO  feet,  and 
the  ladsx  error  1'  30"  to  be  added*!  reqalred 
the  latitude. 

Sun'i  dedin.  by  Nut.  Aim 11  S7  47N. 

Corr.forloiig.rW.(Tab.XXL)  -    0  97 

Son'i  reduced  decUnattoD    11  37  90N. 

Obi.  alt  tnii'i  lower  limb   77  49  30 

Index  error  to  be  added  +     I  30 

Corr.  obi.  alt.  ion'i  lower  limb..  77  SI    0 
Corr.  from  Table  IX.  10'.S=  +  10  19 

True  alt.  no'*  centra ~....  78    1  19 

W 

ftnn'i  lanlth  diitance   tl  SB  48S. 

Sun'i  reduced  dadtnatioD 11  57  SON. 

Latitude 0    1  98  S. 


EXAMPLE  VIII. 
October  19,  1836.  in  longitnda  30*  G. 

the  meridian  altitude  of  the  lun'i  loim  &>>t 
WBi  89°  S4'  SO"  from  the  South  poinl  cf  (^ 
borlion,  the  bright  of  the  eye  baii^  It  f^ 
and  the  index  error  9'  0"  to  be  tabuieui*-- 
required  the  latilude. 


Sun'i  redooed  declination 7  11  I& 


ON  riNDISC  THE  LATITUDE  BT  A  MKlIttlAN  ALTITSDE. 


EXAJUFLES  FOR  EXERCISE. 

1.  August  30,  1835,  in  longitude  130^  W.,  the  meridian  altitude  of 
the  BUD*a  lower  limb  was  ST*  18'  SO",  the  obserrer  being  North  of  the  sun, 
and  the  height  of  his  eye  18  feet :  required  the  latitude. 

Aiwwer.  41°8S' 44"  North. 

S.  December  3, 1835,  in  longitude  6^  E.,  the  meridian  altitude  of  the 
sun>  lower  limb  was  64°  45'  15"  North  of  the  observer,  the  height  of  his 
eye  being  W  feet :  required  the  latitude. 

Answer.  47°  5'  38"  South. 

S.  January  15,  1835,  in  longitude  14d°  SO'  E.,  the  meridian  altitude  of 
the  nm''s  upper  Umb  was  33°  14'  45",  the  observer  being  North  of  the  san, 
tlie  height  of  his  eye  14  feet,  and  the  error  of  the  instrument  3' SO"  to  add: 
leqiurea  the  latitude. 

Answer.  3£P  47' 28"  North. 

4.  March  21,  1835,  in  longitude  98^  E.,  the  meridian  altitude  of  the 
iud's  lower  limb  was  89°  42'  40 '  South  of  the  observer,  the  height  of  his 
eye  bong  12  feet,  and  the  index  error  2'  20"  to  add :  required  the  latitude. 

Answer.  On  the  equator. 

5.  September  23, 1835,  in  lonntude  104°  W.,  the  meridian  altitude  of 
tile  sud's  lower  limb  was  74P  48',  the  zenith  being  South  of  the  sun,  the 
height  of  the  eye  24  feet,  and  the  instrument  adjusted :  required  the  lad- 
tuoe  to  the  nearest  minute. 

Answer.  1S°  1'  South. 

6.  March  10, 18S5,  in  longitude  26°30' E.,  the  meridian  altitude  of  the 
nm's  lower  limb  was  14^  24'  S.,  the  height  of  the  eye  being  25  feet,  the 
distance  of  the  land  under  the  sun  3  mues,  and  the  Quadrant  adjusted : 
reqoiied  the  latitude  to  the  nearest  minute. 

Answer.  71°  12'  Nwth. 

To^fiad  the  Latitude  by  the  Meridian  JUitude  of  a  Star.* 

Rule.  Take  out  the  star's  declination  from  Table  XIII.,  and  reduce 
it  to  the  time  of  observation.  From  the  observed  altitude  of  the  star  sub- 
tiactthe  dip  and  retraction,  taken  fh>m  Tables  V.  and  IV.,  or  subtract  the 
correction  taken  from  Table  XV.,  and  the  remainder  will  be  the  star's  true 
altitude,  which  subtracted  from  90°,  will  give  the  zenith  distance :  to  be 
called  North  or  South,  according  as  the  observer  is  north  or  south  of  the 
star  at  the  time  of  observation. 

Then,  if  the  zenith  distance  and  declination  be  both  north,  or  both 
south,  add  them  tc^ther  ;  but  if  one  be  north,  and  ibe  other  south,  suh- 
tcact  the  less  from  the  greater,  and  the  sum,  or  difference,  will  be  the 
latitude,  of  the  same  name  with  the  greater. 

*  ForibemcchodoffiiidtDg  the  tima  of  BiUr*>pMdiigtlie  meridian,  lee  the  Eiphnatioii 
toTableXIiIII.  also  the  ExplanaiionMTaldeXLIV.,  where diracticnumiGglTai for BiuHi^ 
*W rar  iiDD cr  nmr  iha meridiwi, and fw  obMrrii^ ita  altinide. 


):,GoogIc 


i8i        OR  rtNsiMs  m  LATinrnfl  >t  a  mmkimam  aliitudb. 

BKAMPI^  I.  JOAMJnX  U. 

Junun  M,  I8SS,  abotit  B  o'cloA  Id  dM  J^  la^   IMl,  kboM  <  o-riiA  i>  Ik 

MWdafi  loa  nMtMIwi  dtltnde  of  tli*  itar  BWmiDg,  tin  iiwr1dt4D  alUtuic  of  ilw  nr 

AHfteru  wM  tr>3ff,  th«  i>bHrT«r  being  Foii)>]h>acwH73<'30'Soutliof  Uwohwr*, 

Nortb  of  tlw  lUr,  tod  tb«  hdglit  of  hit  aye  thibeigtit  of  hli  ejo  being  14  fsei:  n^uitH 

M  feat  I  reqnirad  Uu  iMitodak  the  lufcude. 

/Feoutlhaat,  ISM...  M»U& 
8X  Hi  =    -    »• 

Doo.ef  AUebu>i>,J>ii.lSM...  16  lOMN.     Doc  rfFfmiDant,  July  1W5,  wlTigi 


Am.  th,  of . 
Be&wtiaa ... 

Trne  elt.  of  AldebMan.... 


latitude. SS  S9N. 


Trw«lt.afFoEft>IhMt 7S  SI   I 

M 

Stw'i  BBiiItli  dlManoe It  f8  54  N, 

Sttr'«dediiiatIoa,JalrIU5...  M  M  ItL 
lAtltod 13  n  H& 


EKAHPLES  FOR  EXEBCISB. 

1.  April  6, 18S5,  at  about  9h.  P.  M.,  the  meridian  altitude  of  the  Stu 
Regulos  was  50°  W  South  of  the  obaerrer,  the  height  of  bi§  eye  bdi| 
18  reet :  required  the  latitude. 

Answer.  62°  87'  North. 

3.  December  16,  1840,  at  about  1h.  A.  M.,  the  meridJAn  altitude  rf 
the  Star  Sirius  was  36°  28'  90",  the  observer  beine  NortJi  of  the  sttr,  sad 
the  height  of  his  eye  14  feet :  required  the  latitude. 

Answer.  87°  G' 1*"  North. 

3.  March  26,  1845,  at  about  4b.  16m.  A.  M.,  the  meridian  altitode  tf 
the  Star  Antares  was  71°  19'  46"  N.,  the  height  of  the  eye  beii^  22  kO, 
and  the  index  eitor  of  the  instrument  +  2'  Vp :  required  the  latitude. 

Answer.  44P  47'  48"  South. 

Toftid  the  Latitude  bg  the  Meridian  Altitude  of  a  Piand. 

Rule.  From  the  observed  altitude  of  the  planet  subtract  the  dip  sod 
refraction,  and  to  the  remainder  add  the  parallax  in  altitude  :  the  ngdt 
will  be  the  true  altitude  of  ti>e  planet ;  which,  subtracted  &om  90°,  will  en 
the  senith  distance,  as  before,  and  under  this  set  the  dedinabon,  reduced  Is 
Greenwich  mean  time*;  then  the  sum,  or  diSereoce  c^the  aenitb distana 
and  declination,  according  as  they  are  of  the  same,  or  contrary  names,  viO 
give  the  latitude,  of  the  same  name  with  the  greater. 

*  Tie  Role  for  reducing  the  linie  U  ^e  phoe  of  oUemlioii,  to  tkm  MiHi]iMiidliig  ■(■■ 
mt  OreeniriGh,  li  gtven  in  Page  lU. 


b,  Google 


ON  FmSIlIG  TBS  LATJTCBC  >Y  A  HBKIDIAIT  ALTIXUDB,  ISff 

Note.  The  time  of  the  metidian  passage,  together  widi  the  declinatioii 
and  other  dements  of  the  planets,  are  given  fdr  GreeDwidi  mean  time,  to 
die  Naudcad  Almanac  for  1835,  from  Pages  %67  to  358.  The  declination 
it  to  be  reduced  to  the  Ume  of  observation  at  the  meridian  of  Greenvich, 
In  proportion,  or  by  Table  XXXIII.,  as  shewn  in  the  ExpUnation  of 
that  Table. 

The  hoiisontal  parallax  of  the  fdaneu  for  Greenvidi  mean  noon,  are 
cootaiBed  in  the  Nautical  Almanac  for  1835,  from  Fas^369  to361,  from 
which  the  pai^Iax  in  altitude  is  to  be  found  by  Table  XL VIII. 

EXAMPLE  I. 

Januarys,  1835,  inlonptadel6°W.,  the  meridian  altitude  of  the  planet 
Man  was  57°  W  30^,  the  observer  being  north  of  the  pUnet,  and  the  height 
of  hit  eye  17  feet :  required  the  latitude. 

In  Page  291  of  the  Nautical  Almanac,  the  mean  time  of  the  planet*8 
Bieidian  passage  is  Uh.  58m.  ;*  and  in  Page  860,  his  horizontal  parallax 
it  neariy  1^. 

h.  m.  o    ,    0 

Mtta  dm«  u  (htp  11  SB  ObMircd  nwr.  «1(.  <d  Mm  ...  B7  4S  80 

Lo^.  mtim«CTab.XIX.)    1    OW.  Dip  of  tba  hraiion -    S  fi7 


leuOraenwtcli...  IS  58  Afmnnt  mar.  lit.  of  Mmn  ., 


086 


D«d.orMH¥,J»n.3,  M  «  WN.  ,,  _,  ,, 

Dit.0,       J«.«.W5»3iN.  P„.i„^t,d.(T^XLVIlH  +  "1 

0;^'^^1«?.4.1:^   1^*4    T«.n«r.id.ofM„ |7  88    5 

Tu-in  IHlSSih +     1  89     Leg.  1.1000    True  wnlth  di«UiK» _....  SS  91  Si  N. 

''*'^^^^°^}M4BMN.  Declin.tioi.MGrwnwlol.tUiieM61     T  N. 

Dit»  U  Qwenwich  1. 1^"^ 89  13    «  N. 


*}-80Bl     7N. 

EXAMPLE  II. 

December  12, 1835,  in  longitude  50°  E.,  the  meri£an  altitude  of  Jupiter 
w  37°  15*  46^,  the  observer  bong  south  of  the  planet,  and  the  height  of 
his  eye  20  feet :  required  the  latitime. 

In  Page  SS4of  the  Nautical  Almanac  the  mean  time  of  Jupiter's  pass^fe 
over  die  meiidian  of  GSreenvich,  on  the  given  day,  is  found  to  be  13h.  Sim. ; 
and  in  Page  360,  his  hoiisontal  parallax  is  2". 

*  The  time  of  the  pluiM**  narUisn  puogc.  In  the  Nnitica]  AlmuiBCi,  bdnr  s<*e 


. —  , „_,  —  ..  .._1  be  mfficieatlf  exact,  in  the  present 

cue,  to  tdie  the  time  for  the  given  ittf,  m  predicted  in  the  Almanac 
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Ditto,  M  OtMnwidi  1  aa 
time I" 


47  97  N. 


IM  OH  rniDIltO  THB  LATITDH  BY  A  HKBIMAN  ALTlTflBB. 

V  Mn  tlnia  u  (hip  13  31 

LaiiK.liidme(XlX)  ...    S  NK. 

Uaan  tiiMUOrMnwUt  10  U 


Vm.  In  M  Iwort. OSO     Log;1.4694    „  ,      ,  — — 

eiMDwldtiDMatlma    KHu  14a>.  Log.  J70I    TnMiiMr.alt.af  Jnrilw — .  IT  H  14 

noon,Dw!78."'}"  *'    '^-                      DwOin.  M  Oreinwich  time   ...  If  «  W N. 
Lttitnda 30  t  US 

EXAMPLES  FOR  EXERCISE.      ' 

1.  February  S2, 1836,  in  lonf^tnde  76°  W.,  the  meridian  altitndeofik 
PUnet  Jupiter  was  80°  15'  30"  S.,  the  hagbt  of  the  observer's  eye  be^ 
18  feet,  and  the  index  error  of  the  instrument— 1' S6":  requiiciitlK 
latitude. 

Answer.  30°  «'  47"  North. 

S.  May  20, 18S5,  in  lon^^tude  34^  30^  E.,  the  meridian  alotude  of  ih 
Planet  Saturn  was  6i°  ¥^  30",  the  lenith  b^  south  of  the  [danet,  At 
height  of  the  obBerver's  eye  18  feet,  and  the  error  of  the  instrniiitst 
+  tf'  10'  :  required  the  Utitude. 

Answer.  29°  %^  B"  South. 

To^nd  the  Latitude  by  the  (meridian  Altitude  of  the  Mnoa. 

Rule  1.  In  Page  IV.  of  the  month  in  the  Nautical  Almanac,  find  dte 
mean  time  of  the  moon's  passing  the  meridian  of  Greenwich  on  the  ^ira 
day,  which  reduce  to  the  time  of  her  passmg  the  meridian  of  the  ship  I? 
Table  XVI. 

S.  With  the  above  time,  and  the  ship's  longitude,  find  the  conespoiiAif 
Greenwich  mean  time,  as  directed  in  Page  155. 

S.  From  Page  III.  of  the  month  in  the  Nautical  Almanac,  take  Mt 
the  moon's  semidiameter  and  horizontal  parallax,  and  reduce  them  to  tbc 
mean  time  at  Greenwich  ;*  and  to  the  semidiameter  add  the  moon's  txf- 
mentation,  uken  from  Table  VII. 

■  Tha  moon'*  horiaont*!  puallu  *iid  MmidiBmeter  are  rcdncad  to  the  linn  M  GMnwiA 
thai :  Take  them  out  for  tbe  ncareit  noon  or  midniaht  before  and  efter  iba  Oreaairicli  tiati 
■nd  find  their  difference  i  then  uy,  for  eech,  u  12  houn  U  to  the  differetne  in  IS  haun, « 
li  Ae  Orcenvich  time  rince  tiie  preceding  noon  or  midniglit,  to  k  pnqwrtlimal  i   "     ~^^ 


they  are  increaiing  or  decreeing,  «ill  give  than  ndKi 
lie  proportional  paru  may  be  taken  out  by  totpecdoo  ft"" 

Table  LIV.     But,  In  general,  it  will  be  lufficlenily  exact  to  take  them  oat  for  the  ocaMi 

noon  or  midolgbt,  idtboat  applying  the  proportional  parte. 
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OM  FINSIHB  THE  LATITUDS  BT  A  UBBIDUK  ALTITDDB.  18T 

4.  Prom  the  obwrved  altitude  (corrected  for  index  error,  if  any)  sub- 
tract the  dip  of  the  horizon  (Table  V.),  and  to  the  remainder  add  the  moon"! 
■uf  fliented  semidiameter,  when  the  lover  limb  is  observed ;  or  subtract  it, 
if  ue  upper  limb  be  taken;  the  result  will  be  the  apparent  altitude  of  the 
moon's  centre. 

5.  From  Table  XXX.  take  out  the  correction  atuwering  to  the  moon's 
■ppaient  altitude  and  horizontal  parallax,  and  add  it  to  the  apparent  altitude ; 
toe  mtn  will  be  the  true  altituae  of  the  moon''s  centre,  which,  subtracted 
&Din  90  degrees,  will  give  the  senith  distance,  to  be  called  North  or  South, 
BGOonhnK  as  the  observer  is  north  or  south  of  the  moon :  under  this  set  the 
raoonWedination,  taken  &om  Pages  V.  to  XII.  of  the  month  in  die  Nau- 
tical Almanac,  for  the  given  day  and  hour  at  Greenwich,  and  reduced  to 
themnn  time  at  Greenwich  hj  Table  XL  VI  I.-}-  Now  the  sum,  ordifierence, 
of  the  Eenith  distance  and  declination,  according  as  they  are  of  the  same  or 
contrary  names,  will  give  the  Utitude  of  the  place  of  observation,  of  the 
tame  name  with  the  greater. 

EXAMPLE  I. 

May  7,  1835,  in  longitude  84^  E.,  die  meridian  altitude  of  the  moon's 
lower  limb  was  67°  35'  30",  the  observer  being  south  of  the  moon,  and  the 
height  of  his  eye  SI  feet :  required  the  latitude. 

h.  m.  In  PkgsIII.  of  May  in  the  NtuiC  Almanac, 

Moob'i  mar.  pauaga  at  Oraenwicb...  7  BS         the  Hodd's  umidiam.  at  noon  7th,  k  16'  M", 
CoiT.  ftir  kmj.  84"  E.  (Table  XVI.)  -  W         and  the  horimntal  parallai  88- «". 

Mom'i  niar.  pMMge  u  ihlp    7  43         Ob>  all.  moon'ilinrcr  limb  ...  fl7  35  30 

Longltode  In  liiiio  (Table  SIX.)  ...  S  ME.     Dlpof  the  horiion -4  33 

Mm  thw  at  Oreenirich S    7  App.  alt.  moon',  lower  limb  ...  67  31     J 

o     ■     a  Moon's  eomidiair—-    "y  <"' > 

yiitcMaj7,^ahn.  a  SS  *5N.  Augraent{Tab. 

Ditto         atShn.  IS  43  SIN.  App. alt. moon's oentt* 67  47  l« 

CoTfWtion  iTaMe  XXX.) +  1141 

Variation  in  I  hour  ...        IS  54  Log.  .6676  '  I 

OreMv.timeaft.lbn.  7ni.0«.  Log.Wai  Tnie  alt.  mooo'i  amtre. 6f«    8  67 

Var.  In  7  minotaa -     l30Log.l.«»7  

v.A_i  w._7  .t«h_    i9<A4iiM  True lenith  diiianee 8161     3  8. 

>.aecLMar7,«tlh™.  13  S6  4B  N.        Moon-ideclia.atO<«en*.^me  13  55  15  N. 

13  £5  UN.        latitude 7  56  48  8. 


EXAMPLE  II. 

November  27,  1835,  in  longitude  22°  SO*  W.,  the  meridian  altitude  of 
the  moon's  lower  limb  was  72°  IS'  SO",  the  senith  being  north  of  the  moon, 
the  hei^t  of  the  oboervcr's  eye  SO  feet,  and  the  error  of  the  inatnuneBt 
-  2'  10" :  required  the  Utitude. 

f  See  the  explanation  of  thii  TaUa,  with  EiampJw. 
BbS 
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OrMn.tiine>fur8hn.        1  1id.0i.  Lo^.TSM  A-p.  «u.  ^f  moon'i  omtre Willi 
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EXAMPLE  III. 

July  16,  1835,  in  lonf^tude  98°  SO' W.,  the  meri^an  aldtaik  ofdit 
moon^s  upper  limb  w«8  66°  47'  46"  N.,  the  height  of  the  obeerres'i  eit 
being  ISieet,  and  the  index  error  +  I'SO":  required  the  latitude. 

h.  m.  In  Pice  IIL  of  JuIt  in  thg  Nullialll- 

Uoon'i  mer.  puMgs  at  GrMnwlrli  18  S8  niuuo,  ua  idood'i  MoudiuiuMar  M  am  l^ 

Car.rorlong.9r>ffW.(TJ>.XVI)  +  10  I«th,iil5'ff',«idlii«ii<«.t-lp.™U«tf»'- 

UooD'i  mar.  fMnga  U  lUp  17    B  Ob*,  alt.  mooD'i  nppar  limlv...  Si  47  OV- 

LoDgltada  in  dma  (Tib.  XIX)-..    8  10  W.     *"^"  "^^ —•■  +    '* 

«^  rim.  «  0«anwldi............"51e  j^^  ^  ^_  ^^,^j^ »  «  'J 

}'idecJu)rlVtS31in.  0    7  88  S.  App.a]t.iDoon'iappeTlimh....  &S  41  U 
nito,  JuIxlSiUOhr.  0    S  4S  N.  i     « 

Moon'i  leniMlaiiiMer  16    0 1         ■(  i* 

VariMion  in  1  hour  ...  0  13  30    Lag.SSU  Aogmen.  (Tab.  VIL>  +  IS /    -  "  " 

areanw.dmaaftatlSbn.   I8mflfcIjos.eM9      ...  ..       _  TTiTa 

,     App.  alt.  ct  mooa't  oantn. H  S9  S> 

Var.inieminat...- -    4    0  Lag.I.t7ei      OwwcOon  tTahb  XXXj +Ktt 

Moonlii  dec.  Jnlr  W,  I  jj    7  88  8.  Tnie  alt.  of  moon'i  omtre..,.,.  68    0  10 

atSSIioun. J    "    *  ""  Jig 

Wtto,  at  Grtwiwicbl    d    ^  ^  g_  True unlth  diitanoa S1S9I0& 
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OM  raunno  the  latitddb  it  a  kkkidiam  ALtrrvoB.      ■mS 

BSAMPLBS  FOR  EXERCISE. 

1.  October  12, 18S5,  in  longitude  ITS?  W.,  the  meridian  altitude  of  the 
moon's  upper  limb  vas  35°  18'  40"  north  of  &e  fenitfa,  the  height  of  the 
observer's  eye  being  17  feet,  and  the  eiTor  c(  the  inatrumeut  +  1'40": 
lequined  the  Udtude. 

Answer.  2T°  66' 68"  South. 

2.  January  6,  1835,  in  lon^tude  8T°  E.,  the  meridian  altitude  of  the 
moon's  lower  limb  was  73°  45'  60"'  south  of  &e  observer,  the  he^ht  of  bis 
eye  being  SO  feet,  and  the  index  error  —  4'  10" ;  required  the  latitude. 

Answer.  16°  6«'6&"  North. 

To  find  tke  Latitude  by  a  meridian  JJHtude  beUna  the  Pole. 

IVhen  the  complement  of  the  declination  of  an  object  is  less  than  the 
Utitode  of  a  place,  and  they  are  both  of  the  same  name,  the  object  comes 
to  the  (^iposite  meridian  without  setting  at  that  place,  and  in  this  case  is 
said  to  tw  on  the  meridian  below  the  Pole ;  if  the  altitude  be  then  taken, 
the  latitude  may  thence  be  found  as  follows  : 

RuLK.  Correct  the  dechnation  and  observed  altitude,  as  before ;  then 
to  the  true  altitude  add  the  complemrait  of  the  declination,  (found  by  sub- 
tracting the  declination  from  90^ :  the  sum  will  be  the  latitude,  of  the 
ume  name  with  tiie  declinati<m. 

EXAMPLE  I.  EXAMPLE  IL 

Joos  SS,  IBM,  In  longltiid*  IV  E,  the  me-  Julf  96,  lS4Jt,  ths  iltitude  of  tlie  it&r 
ridiaa  ihitadfl  of  the  mn\  lower  Umb,  at  mid-   Dabha  la  Una  Major,  vben  on  thB  meridian 


iil^t,irai8°30'IS",theheialittf  theoburrar'!   below  the  Pole,  waa  21°  H'  0",  the  hdght  of 
"  '  .    •(   .     .    {{u^  theobterrer'BeyebeinglOfeetiBnd  thein'" 

h.  m.        error  -|-  1'  30"  :  required  the  1>titnde. 


App.  time  at  lUp    

Loogttode  in  time  (Table  ZIZ.) ...        48  E.  Ing  the  meridian  abore  the  Pole  U  91 

P.  M. ;  therefore  13h.  afwr  that  time,  or 

App.  tima at  Oraenwidi    II  IS  aboat  9h.  81m.  A.  M.,  It  will  be  on  the 

Son'* decliu.  Jane  19,  at  no<m, )  a.  ,.  jau  °     '     '' 

(P««  L  Naat.  AJm.) f"  '"  **"'  Declin.  of  Dubbe,  1 BM 88  39  4iN. 

CoiT.rorllh.ltm.(Tib.XZI.)     -     184  Ann.  rar.- 19".2S  x  Hi  =  -    8  41 

Siui'tdei;Ba.atOiMnwlditime  93  IS    9N.  DeoliiLof  DdUm,  JnlflSU...  S9  SS    4N. 


Snn'i  Co.  decUnatton  66  4 


Otit.  alt.  of  Dubhe . 


Dip  of  (he  hoi^mn .. 


..    a  83  £8         Troe  alu  of  DnUia SI     9  14 

..  6S  44  51  N.    Star'i  Co.  dedlnation S7  94  66  N. 

..  73  IS  47  N.     Latitude 48  84  ION. 


190  OM  riNDIKG    THE    LATtTDDK    BY    THE    POLAR   VTAB. 

BXAHFLES  FOE  EXERCISE. 

1.  Juty  IS,  1835,  in  longituae  ^e'90'W.,  die  iltitude  of  tfaetoi*! 
lower  Bmb,  when  on  the  merkbHi  bdow  the  Pole,  wuSPWW^ix 
height  <^  the  obBerrer^B  eye  being  10  feet,  and  the  index  enor+S'lS': 
nquired  the  latitude. 

Answer.  76°  47' U"  North. 

%.  August  9,  18S9,  at  about  Sh.  A.  M.,  the  star  «  in  Cmx  hai%  « 
the  roeruQan  bdow  the  Pole,  its  altitude  was  obaerred  to  be  IT'SS'aO', 
the  height  of  the  obserrer's  eye  being  18  feet,  and  the  index  error  —  jftf  *: 
required  the  latitude. 

Answer.  M^ICK  24"  South. 

To  jind  the  Latitude  by  an  Altitude  of  the  Polar  Star. 

Rule.  To  the  Sun's  right  ascension,  taken  from  Table  XIV.,  add  ik 
time  since  noon  when  the  altitude  was  observed :  their  sum  (rejecdi^  M 
hours,  if  it  exceed  that  quantity)  will  be  the  right  ascension  of  the  DXii- 
dim,  with  which  enter  Table  XVII.,  aiul  add  the  corresponding  conediiB 
to,  or  subtract  it  from,  the  star's  true  altitude,  aa  directed  in  the  TMn 
the  sum,  or  remainder,  will  be  the  approximate  Latitude,  to  which  add  tk 
correction,  taken  {torn  Table  XVII.*  and  the  sum  will  be  the  Iiatttode, 
always  North.f 

EXAMPLE  U. 

Jaanirj  Id,  ISW.  u  9h.  Mm.  put  tm. 
lbs  altitude  of  (he  Polv  Star  ««■  tf  tl, 
tkaboghtof  theobMrrer'>«7«b«Ji^)i)l(M; 
rg^uirad  the  Utitade. 

I,  Jan.  t6th...  19  SI 


EXAMPLE  I. 


Snn'a  right  aiceiuioii.  Ha;  Slit  ...    3  SI 

Ttme  of  obaairatioa  10  U 

Right  awMuIoii  tf  BkwldiaD 14    8 


iotei^olie 


Tiote  ofoUerratioii ... 


Obi.  alt.  of  the  Pobr  Star SO  18    0 

Dip  «f  (he  horiKn  —    4  I7 

App.  alL  of  the  PoUr  8tw. SO  IS  43 

Refraction -0  48 

True  all.  of  the  Polar  Star. SO  19  SS 

Correction  (Table  XVJI.)  ...  +     1  30    0 

Approximate  latitude  SI  42  S5 

Con.  (lUk  XVII,-)...  O'.a  =  +    0-19 


£X 


alt.  of  the  Pohu-  Star   ...  «7  30  45 


,...51*8    7N.    Latitude 86  57  IS N- 


t  In  the  new  Nauikal  Almanaca,  Rtdei  and  Table*  are  giran  li>r  BBdlng  the  LmM'*  ^ 
"  Mtltude  of  the  Polar  Star,  lu  the  neareat  teconi. 
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The  nearer  the  star  is  to  the  meridiao,  ei^r  above  or  below  the  Pole, 
when  the  observation  is  made,  the  less  will  be  the  error  in  latitude,  arisiog 
from  an  error  in  the  supposed  time.  The  time  of  the  star's  passing  the 
mfri^^'w  may  be  essUy  obtained  bycoiuultiiig  TiiAe  XLIV.;  see  also  the 
E^lanation  to  that  Table. 

EXAMPLES  FOR  ESERCISE. 

1.  September  6,  1846,  at  llh.  60m.  P.  M.,  the  altitude  of  the  Polar 
Star  was  Sl°  35',  the  height  of  the  observer's  eye  being  8S  feet,  and  the 
index  error  +  if  20" :  required  the  latitude. 

AMwer.  SO"  16' 35"  North. 

%  Mardi  11, 1840,  at  16h.  30m.  (ar3h.30m.  past  midni^t,  MarchlS), 
tfae  altitude  of  the  Polar  Star  was  76P  SG'  30",  the  height  of  the  observer's 
eye  b^ng  90  feet :  required  the  latitude. 

Answer.  7©^  44' 68"  North. 

ToJhdthtLatUudebj/ttBoobaerved  Altitudes  of  the  Sutty  and  the  Tinu 
flapaedbetviemtheObtervatiotu;  having  alto  the  Latitude  b^  Aeooimty 
and  the  Sun's  Declination  when  the  greater  Altittfde  was  taken. 

RuLz  1.  To  the  log.  secant  of  the  latitude  by  account  (XXV.),  add 
the  log.  secant  of  the  sun's  decUnatiDn  ;  their  sum,  v^ecting  SO  from  the 
index,  call  the  log.  ratio- 

S.  From  the  natural  sine  of  the  greater  altitude  (XXVI.)  subtract  the 
natural  sine  of  the  leas  altitude,  and  set  the  logarithm  of  their  difierence 
(XXIV.)  under  the  log.  ratio. 

S.  Take  out  the  li^arithm  answering  to  half  the  elapsed  lime  (XXVII.), 
and  set  it  likewise  under  the  log.  ratio. 

4.  Add  these  three  Ic^^thms  together,  and  find  the  middle  time  cor- 
responding to  their  sum  (XXVIII.),  the  difference  between  which  and 
the  half.«Up8ed  dme,  will  be  the  time  from  noon  when  the  greater  altitude 
was  observed.* 

5.  From  the  log.  liffliw,  answering  to  this  time  (XXIX.),  subtract  tfae 
1^.  ratio,  and  the  remainder  will  be  the  logarithm  of  a  natural  number 
(XXIV.);  whidi  bnng  found,  and  added  to  the  natural  one  of  the 
greater  altitude,  their  sum  wiU  be  the  natural  co-nne  of  the  meridian 
lenidi  distance  (XXVI.) 

6.  Having  found  the  meridian  lenith  ^stance,  ap[^  to  it  the  reduced 
dediaation,  as  directed  in  Page  180,  and  the  result  will  be  the  latitude  at 
the  tune  of  taking  the  greater  altitude. 

7.  If  the  latitude  thus  foimd,  should  differ  considerably  finm  the  latitude 
by  accoont,  the  operation  is  to  be  repeated,  using  the  computed  Utitude 

*  WLen  tbe  mlddla  tlma  ii  graatar  than  tha  batf-alapiad  time,  botli  alwwvllopi  will  bt 
OD  the  mxat  dda  of  tha  meridian  t  odianrlM,  oo  dilatent  iUm. 
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Iff         OH  rimniA  tsb  LATfrnoE  ir  i>oaBi.x  aititju^km. 

hutnd  c£  that  tnr  aocoont,  until  tbs  Utitode  Int  fbaad  agne  mriy  rak 
the  Istitndo  lued  in  the  compuution.* 

Remarks  on  the  T^eg  &f  Otmnation.'^  • 

As  the  above  method  is  onljr  an  appiozimatioo  to  the  tnith,  it  nmt  k 
u§ed  under  the  following  lestnctiona,  vi*. 

The  obserTationa  miut  be  taken  between  nine  o^clodc  in  the  foienwa  tad 
three  in  the  afternoon.  If  both  observationB  be  in  the  forenoon,  or  bodi 
in  the  aAemooD,  the  elapsed  time  must  not  be  less  than  the  time  from  nooi 
when  the  greater  altitude  is  taken.  IfoneobBeirationbe  takeninthefbn- 
noon,  and  the  odber  in  the  afternoon,  the  elapsed  time  must  not  eiati 
four  hours  and  a  half;  and  in  all  case«,  the  neam-  the  greats  altitude  ii  n 
noon,  the  better. 

If  the  sun's  meridiaD  aenitb  distance  f  be  less  than  the  latitude,  tbe  linEl- 
ations  are  sdll  more  contracted.  If  the  latitude  be  double  the  mciiiiD 
senith  distance,  the  observations  must  be  taken  between  half  past  woe  a 
the  forenoOT,  and  half  past  two  in  the  afternoon;  and  the  mteral,  v 
elapsed  time,  must  not  exceed  three  hours  and  a  half.  The  obsemamo 
must  be  taken  adll  nearer  to  noon,  if  the  latitude  eztieed  the  mendiu 
senith  distance  in  a  greater  proportion. 

EXAMPLE  I. 

May  22,  1836,  in  latitude  41°  W  N.  by  account,  at  lib.  28m.  in  4( 
forenoon,  the  true  altitude  of  the  sun's  centre  was  &T°  !&,  and  it  Ok 
24m.  40s.  P.  M.  it  was  68^  24^:  required  the  true  latitude. 


TioMt.                      Altitude!.      Nat.  SinM. 

llh.«m.  (h.  A.  M.  ...  9r  Iff  »S31 

0    il    40    P.  BI.  ...  SB    91    99978 

Let 
Dee 

byeoc...    41° 
llnulati...  90 

45 
97 

.SecuiO-ltW 
.SecsatD.a»; 

0    6S    40                                   DUr.       747.... 

::::::!:^:;:;: 

tow 

P.MM 

Z-UK 

0    18    M  Time  fivm  domi    

t«w 

Nxunl  number »6  

NXunl  ibe  of  peeler  iltitade  ...  OMTH 



I-f-  -. 



I.IU> 

Net  CO.  line  of  ner.  len.  dUu 0S9O4  =  >1" 

Letitude...      41 

48  N 

e  vinexed  to  tbe  NauticBl  Alnunu  IW  ^ 
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EXAMPLE  IL 

AngUBt  9,  18S6,  in  latitude  50^  ^O'  N.  by  account,  at  lib.  36m.  29s. 
in  th«  fi»eiuK>n,v4lie  altitude  of  the  sub^b  tower  limb  waa  SSP  IS*;  and  at 
Ih.  ISm.  538.  in  the  aftemoon,  its  aldtode  was  51°  59'i  the  height  of  the 
obaemr's  eye  being  96  feet ;  required  the  tpie  latitude. 

'iknrsriiinb...  fiS    18 


Tru  ■Utoda 58    98 

TliMi.  Aldtudn,        Nftt.  SicM. 

nil.  Om.  Oi.  53°  98'  803SI 

II    5S    98  A.  M.    G9      9   78969 

S    81  Siff.    1SB8... 


Log. o.erssi 

0    19    23  Middls  dme _ Li«. 4.03138 

0   86    IS  Time  frim  nooD  Log.  iMng 3.0S787' 

Log.  ntlo  0.9U76 

Log.  9.88911 


As  the  latitude  resulting  from  this  computation  differs  55'  from  the 
lititlide  by  account,  the  operation  must  be  repeated,  using  the  latitude  last 
found,  instrad  of  tiie  latitude  by  account. 


Middle  tima 0    18     38 


liOg.  ntlo. 0.32338 

Leg. - 3. 14270 

Log. 0.87808 


8.09187 

0.98338 

Lm.  imtkr 

=86'' 
15 

1-*. 

48    N. 

9.86819 

NitonliliM  of  gnxer  altitude  80351 

N>t.a>.^iM0fmer.ien.<iitUD(s  ....  81090= 
DccUutioa 

Latins*... 

61 

87 

N. 

c 

:  c 
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.ISA  ftX  nNDUK  TME  I.ATITUDK  BY  DOVBLE  ALTnTVIf. 

As  thti  Udttide  Xtktt  only  two  mtlea  from  the  latknde  by  ^  Em 
^temtion,  it  mty  fberefore  be  esteemed  the  true  latitude. 

In  the  preceding  euun^des  both  obserrations  were  supposed  to  be  tikn 
in  tlie  same  place ;  but  as  this  is  seldom  the  case,  it  will  be  aecemu^. 
when  the  ship  is  making  much  way,  and  the  elapsed  tbne  is  cotiaidaiUe, 
to  correct  the  less  altitme,  in  order  to  find  what  it  would  have  beoi,  hid 
it  been  taken  at  the  place  where  the  greater  altitude  was  observed ;  thA 
is  to  be  done  as  follows : 

Let  the  bearing  of  the  sun  be  observed  by  compass,  at  the  timetf 
taking  the  let  altitude,  and  find  the  number  of  points  eoDtained  betna  ' 
that  and  the  ship's  oourse  by  compass,  between  the  obaervationB,  comoA 
for  lee-way,  if  she  make  any,  which  subtract  ft^Hn  16,  when  it  is  more  ihu 
6  pconts ;  likewise  compute  the  distance  run  during  the  elapsed  time:  ifA 
diese  enter  Table  I.,  and  find  the  corresponding  difierence  of  latitude, 
which  will  be  the  correction  for  the  change  of  station. 

If  the  Uia  aliilttde  be  observed  in  the  forenoon,  the  correction  ii  tobi   j 
added  to  it,  if  the  above  angle  be  less  than  8  points ;  but  when  it  ii  tMR> 
to  be  subtracted.  I 

If  the  leae  altitude  be  observed  in  the  afiemoon,  the  correctira  is  to  bt  | 
subtracted,  if  theanf^  be  less  than  8 points ;  but  when  greater,  it  istsb 
added  to  the  leas  altitude. 

The  less  altitude  beins  thus  corrected,  proceed  according  to  the  Bik,  | 
and  the  result  will  be  the  btitude  ttf  the  shq>  when  the  greater  altitude  m  ' 
observed. 

EXAMPLE  III. 

November  10,  1837,  Utitude  bv  account  32°  S(V  N.,  at  Sb.  SOm.  A.H- 
the  attitude  of  the  sun's  lower  limb  was  !I8^  14^,  the  bearing  of  its  centiel? 
compass  being  S.  E.  4  E.;  andatllh.  17m.  iita.  A.M.  the  altitude  of  Ac 
upper  limb  was  Sff' 8';  the  height  of  the  observer's  eye  b^uglU  feet,  sulAc 
snip's  course  between  the  observations  S.  by  E.,  running  7  knots  pa  boa; 
required  the  Utitude  of  the  ship  at  the  time  of  the  latter  observation. 

Th«  abiMad  tima  bMwean  the  oUarrationi  ii  neu-ly  1  haai  AS  miuuto,  >ad  Ikiji*^ 
iwliDg  7  miles  per  Iiour ;  ther«fare,  u  1  hoar  i  7  wilm  :  :  Ih,  48m. :  IS  milti,  tb*  <**■* 


Angle  between  (bem S|  Pti.  whidilienf  i^ 

wk  ooone,  in  Table  I.  and  tbe  diitBiue  nin  during  the  d»peed  time  H  milcB,ei*A>l>A 
ciT«  in  tbie  iKtiloda  oohimn  0  milee  Dcari]r,  to  be  added  to  the  lea  altitude,  mcani^'' 
uia  abate  Hule.  ,   , 

Obe.  ale  of  nm**  bnw  Umb  ....^ 38  14      Ob*,  alt.  of  nin'i  upper  Gab V  ' 

Dip.  «f  lb*  korlsoo -    4     Dip  «f  tbe  boiism  „...j^ 

M  19  *  I 

BsTtKtion -    S     Re&Ktlan — •■■•^ 

lin  »' 

Swnidlamater. +  IB      S«inidiaiDat«r    .» ^ 

True  altitude  of  Min'a  centra S8  S4      True  altitude  of  lun^  ceotn  — ..-  *•  " 

Con.  lor  ibip'f  waj +    9 

Sun'*  TOduoed  altitude 88  31 
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«ll  riHSlNC  TUtS,  (.ATITDDB  BY  SOBMiE .  ALTITUmS. 


ThBM.                    AldtudM.        NU.  SIOM 

Ut.bywe.af3e' 

.8eeM«0.»73»7 

Sfa-SOm.    Of.  A.M.  ap  Sr 4779S 

II     17     4S     A.M.  38    47  6!S3a 

.Becut  0,»lMa 

I     47      «S  HapwdthDe        I>iff.l46W 

te 

4.17168 

ttf^S 

N*tDn]namb«r    1187  

Log. 

8.0744S 

NM<inl>i[i«i>rKr<»»r>lt.  ...  62S8B 

NM.aMii»rfni«.i«i.di.t...  63aM=50°80'  N. 

li.  m.     ^            IHff-iuit.iiDe«  14846 

Log.  ntio    ... 

:;:::•■::::■■■•  !;:r  '■ 

0.09698 

4. 17158 

Log.  ratio     ... 

«.  69688 

Nuunl  ilm,  of  gimur  alt.  ...  IIS6S8 

I(«.c»4MarBMr.  ■an.diit.  e36S9-M 
Dedutation  17 

19' N. 

lis. 

LMitoda...  38 

8  N. 

EXAMPLE  IV. 

October  8, 18S5,  ia  latitude  60°  KK  N.  by  account,  and  lon^tude  199^ 
W.,  the  a]btude  of  the  sun's  lower  limb  was  observed  to  be  19°  41'  at 
lOh.  4ra.  SOs.  apparent  time  in  the  forenoon,  his  centre  bearing  S.  S.  E. 
hj  compass,  and  at  1h.  SSm.  36a-  afternoon,  it  was  £1°  S*.  The  sliip'a 
coune  during  the  elapsed  time  was  N.  W.  by  N.,  sailing  at  the  rate  of 
9  knots  per  hour,  and  the  height  of  the  obserrer's  eye  1 6  feet :  reqoured  the 
latitude  of  the  ^p  at  the  time  of  taking  the  greater  altitude. 

■  as 

I$W.    Cmr.forO 


dteawidi  ippvent  tima  10    49  Son's dedioBtion M Orecnw. time  5  53    OS. 

Tba  uis1«  between  tbe  can't  haring,  8.  S.  E.,  and  the  ship'i  conne,  N.  W.  bj  N.,  It  IS 
PjitBU  ;  whidi  ihewi  that  the  ahip  h>i  Bailed  within  ]  point  of  the  direction  opponte  the  mn. 
No*  1  point  taken  out  at  a  eoona  in  Table  L,  and  81  milat,  the  dittaoce  mn  ia  Sb.  iSoa., 
IM  «U|acd  lima  between  the  two  obterrationt,  gire  in  the  latitude  columo  30  milat,  u>  be 
■pplied  to  tbe  lett  altitude,  according  to  the  rule  in  page  104. 
Cc2 
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•■  riNDIHO  THE  LATITtfDB  BY  DOUBLE  ALTITUDKB. 


It«<luo«d  kltiiade  .. 


I9h.0m.0i.            1B°  31' 33134 

10      4    MAJU.    SI     IS 863SS 

Log.  ratio 

ecp  w. 
s  ss. 

.Seont 
-Secant 



I    SI    B6P.M. 

3    38     IS  EUpwd  time 

L«ri- 

hog. 

Natural  ntuDber 354S  . 

Natnnl  Km  rf  gi«atw  alt SS8SS 

NM.  cMlna  of  our.  MD.  diit.  ...Wo  = 
DadinaUon 

88° 
S 

00 

80- P). 

Latttadt... 

37  N. 

Log  ratio 

L^ 

hog 

1    17    S  Ttrne  fnm  w 


4.1M 

Trail 


Latiludt...  60    40  N. 


EXAMPLE  V. 


May  7,  .1S35,  in  latitude  89°  W  S.,  and  longitude  b/  account  38°  Z, 
at  9h.  49in.  20s.  b;  a  chTonometer*,  the  observed  altitude  of  tbe  ttm's 
upper  limb  was  45°  33';  and  at  lOh.  44in.  45s.  by  the  tame  chroDomettf, 
tne  observed  aJtitude  of  bis  lower  limb  was  4^  8'  30",  at  which  dme  ii 
bore  N.  i  E.  by  compass.   The  ship's  course  between  tbe  observationB  wu 
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N.  W,  I N.  on  the  Btarboud  tack,  ronnitig  »t  the  nte  of  6  knots  per  hour, 
and  maidng  1  point  lee-way,  the  height  of  the  obBervet's  eye  being  22  feet, 
and  the  apparent  time  at  the  meridian  of  the  ship,  when  the  greater  altitude 
waa  obeerred,  about  Oh.  SOm.  P.  M. :  lequired  the  latitude  of  the  ship 
when  the  greater  altitude  waa  taken. 


_  +  IS  30 

t  OnwDw.  time .  16  40  11  N. 


App.timemtiIupatgmt.Blt.,HB77,  0  30 

34 

Ditto  for  All. 

Dlna,  put  noon.  Hay  6    S4  30 

Ltngirade  in  time 8  33  E.    Sna'a  dedin.  i 

Onnwidi  app.  time,  Haf  8    SI  48 

Tlw  ibip'i  onine  N.  W. )  N.,  corrected  for  1  point  lea-way,  girea  N.  W.  |  W.,  and  the 
uf^  thJi  oukea  with  the  lun'i  bearing  N.  j  E.,  ia  5  pointi ;  which,  taken  u  a  conne  in 
Tiblt  I.,  and  6  milca,  tlie  diatanra  rnn  during  S5  minatca,  the  interraj  between  the  obaerra- 
dooa,  aa  a  diWaiiCT,  gltt  in  the  latitude  ooiumn  S  miles,  to  be  tnbtncted  trom  tbe  Mcond  or 
kai  altintdA,  aooording  to  th«  Bula  in  pege  IM. 


Tnie  aldtnde  of  enn'a  oenti* 


Son'*  reduced  altttode  .. 


Altitndea.      Nat.  SEnes. 
...  4B»  IS'  70957 


I*t.  by  Bcc-.-SO"  W.-Secant  0 
Dedimtion..  16    40  ...Secant  0 


Leg- ratio  .. 

W   - 

I*«-  . 


0      42      16  Middlatime U^.  4.5643S 


14      34  Time  from  ni 


Natural  nnmber   ...       169 

Natoial  dne  of  greater  altitude   ...  70967 

Nu.  oa..dne  of  dmt.  ten.  diM. 7I1SS  =  44°  W  S. 


...Log;  riaiog... 
Log.  ratio  .. 

W-  ... 


,.  0.07758 

..  s.anso 


Latitnde ...  88 


By  repeating  Uie  operation,  the  la^tude  cornea  out  the  same  h  above. 


IVS  ON  riKDlSa  THB  LATITDOE  BY  DOUILK  Af.TITU0E9, 

j4  (Kr«if  Mgthad  efjnding  ikt  LtiUttde  ig  two  JUUtdei  itftluSm, 
the  T^me  elapaed  between  t^  Obsenatioru,  mid  the  Sttti'a  DetUmt^ 
tohen  the  greater  AUltude  toai  obterved.* 

RiTLE  1.  Add  together  the  true  oUtedn  (fimwl  «a  before),  ud  tike 
b«lf  their  sum;  mbtnct  the  lew  tltitade  frcn  the  gnater,  aad  t4lK  hiU 
ibnt  cGfferencc. 

2.  Find  the  inteml  betwees  the  timet  of  obaerring  ^  two  itdtado, 
wbidi  call  lapsed  time;  take  half  of  the  dapied  time,  and  ndiiee  it  to 
degrees,  &c  by  Table  XIX. 

S.  Add  togetherthec»-McaniofhalftheeIajpnd  time  (reduced  as  above)! 
aodthewconf  of  the  declination;  thrir  aum  tuI  be  the  eo-aecamt  of  enjinl. 

i.  Add  together  the  cosecant  of  arc  first,  the  oo-gine  of  half  the  ma 
<^  the  altitudes,  and  the  sine  of  half  their  difference:  the  ram  of  tbw 
logarithms  vill  be  the  sine  of  arc  aeoand. 

5.  Add  tt^ther  the  aecant  of  arc  first,  die  mne  of  half  the  snm  of  ^ 
altitudes,  the  eo-tme  of  half  th«r  difierence,  and  the  geeatit  of  arc  second; 
their  sum  will  be  the  co-nne  of  arc  third. 

6.  Add  together  the  secant  of  arc  first  (already  fiiund),  and  the  nwDf 
the  declination ;  their  sum  will  be  the  co-sine  of  arc  jourth,  wben  the 
latitude  and  declination  are  of  the  same  name ;  but  when  the;  are  d 
contruy  names,  take  the  supplement  for  arc  fourth. 

7-  Take  the  sum  or  difference  of  arcs  third  and  fourth,  for  arejifi^ 
(See  Note.) 

8.  Add  together  the  secants  of  arc  second  (already  found)  and  aicfilAl 
their  sum  will  be  the  co-secant  of  the  Latitude. 

NoTx.  When  the  sum  of  arcs  third  and  fourth  is  equal  to,  or  grata 
than  90°,  their  diSereoce  is  always  arcjifth;  but  when  tiieir  sum  is  lai 
than  90°  (which  will  rarely  happen),  it  may  be  doubtful  whether  diarffl" 
or  difierence  ought  to  be  taken  for  arcjifth.  But  the  computation  is  *» 
made  on  both  suppositions,  for  the  secant  of  arc  fiflh  is  the  last  lo^dia 
which  is  taken  from  the  Table,  and  the  other  parts  of  the  calculation  m 
therefore  not  aSected  by  the  change:  one  of  tne  results  must  certsinl^lK 
the  required  latitude,  and  the  latitude  by  account  will  generally  be  saffioeit 
te  determine  which  of  ihem  ought  to  be  taken. 
I^marks. 

In  this  method  the  observations  should,  if  possible,  be  taken  under  Ac 
samelimitationa  as  directed  in  the  former  (pi^e  192);  these,  however,  nuj- 
in  case  of  necessity,  be  considerably  extended,  if  the  altitudes  be  taken  «w 
care,  the  dapsed  time  measured  by  a  chnnometer,  and  the  logarithnu  sh 
arcs  taken  out  to  the  nearest  aecond. 

*  TlUi  matluxl  of  fiodinc  the  L*dtude  bf  two AllitodM  of  tlie  Sds,  whieh  li  modi  ■'"f* 
Bnd  more  gmenl  than  the  former,  &nd  iitdependent  (tf  the  Ij&titude  by  Account,  wtipnriiMW 
br  Mr.  JaniM  Iriny,  wlio  has  gl*«n  sn  Engenloai  Baludon  of  it  [n  the  Fhlowr^ 
MigBdrte  for  Angon  imi.  Mr.  Riddle,  (if  (he  BotbI  Nanl  Aarlnm,  Qiauwii^tMri^ 
ooDiiderably  inipTored  Air.  I.*!  Solution,  and  gjiena  Rule,  tunilu  to  tko  atNiTe,  in  lte>M' 
voric  for  September  1SS9. 

t  TheLocof  the  half-eUpMd  time  iR>T  be  taken  from  Table  XXVlI-iwUeh  will  anw 
trouble  of  redudng  the  time  to  degree*,  &c. 
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In  both  the  methods  no  sUowanoe  is  made  for  Uie  dunge  <^  tbe  sun's 
dediutioa  duiitiK  the  iateiv&I  between  tbe  obsenrctioiu.  Thia,  indeed, 
might  be  done;  but  the  operadon  vould  be  more  complicated,  vhUe  the 
omiBnon  will  produce  no  error  of  consequence  to  the  navigator,  especially 
if  the  inteml  be  not  considerable. 

It  wilt  much  fkeilitate  the  operation  if  a  formula  be  written  oat  before 
the  commencement  of  the  cucuUtion;  and  it  should  be  observed,  that 
many  of  the  logarithms  may  be  obtained  at  the  same  opening  of  the  Table : 
thus,  the  secant  and  sine  of  the  declination;  the  secant  and  co-wcant  of  vc 
fint,  the  former  of  which  is  wanted  twice ;  the  amcs  and  co-sines  of  half  the 
sum  and  difference  of  the  altitudes;  and  the  nne  and  secant  of  arc  second; 
these  being  taken  out  tt^ether,  will  considerably  expe^te  the  calculation. 


AltitudM. 

67°  I* 

68    94  

EXAMPLE  I.    (Page  199.) 
Tim... 
„ llh.S8m.0i.  A.M.            lAtitudebriooaunt... 

I>iff.„....     1       8  h&lf 

HilTeUpwd  time    7"  S'...Co-Kcant    0.WS99 

Sbd'i  riccKiution .  M  87. .. Secant ...    O.OWJT ;ShM...    I.SUU 

AtcBni S  3S...C<)-iecant    0.937S8  ..Secant ...    O.OOUS. Seont    O.OOMf 

Hilrmmalit. 67  50...Ca.*ine  .    9. G 7669.. .Sine B.9S666 

UalfdiKalti. 0  34.. .Sine 7.89S90...Co-md«...    0.99998 

AnMooad 1  51...8iiut 8. B0915...a«»H ....  *0.00(»3 

AnsUurd    91     8 - Ci>.*in«...    9.B6978  — 

Anrourth WJM.. CMtue  0.SU33 

AR&fth....^. 4B  ie...Secuit...    U.  17R7S 

Secant...  *0. 00023 


..  41  49...C<Mecani    0.17698 


EXAMPLE  11.    (Page  193.) 
Altitoda*.  Times. 

ifav llli.S6m.39e.A.U.  Latitude  by » 

58     »  I     13     S3    P.M.  ^    .^     --- 


9  Hdf-d^ud  lime  19°  Wl      . 

H>lf.ebp(«d   time  13°  lO'J  Co.Mcant    0.67S9S 

Bu'idMOiudon.  1S48    Secant....    0.01678 — SiH...    B.USOS 

AraBnt 11  491  Co  eeeant    O.S9t66...SecaM  ...    e.OOHI. .ttHMt    O.OWIS 

Helfeumalu 59  48l  Co-dne...    S. 781 38. ..Sine 0.00136 

Hatfdiir.  abi 0  S9(  Sine.'. 8.06O31...Cinin«...    9.00007 

Areieoond 1  58    Sine 8. 53435 ...Secant  ...  *e. 00096 

Are  third  .. 35  31...- Cocaine...    9.91061    .  

ArcfeBrtli .„  73  51  ~.. ~..~ Conine  t.Uilt 

Ararmh *aSO    secant...    0.I064S 

Secaiit....  •«.  00096 

IdUrnds 5137    Ciueecant    0.10971 
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EXAMPLE  ni.    (Page  191.) 


h.  m.    1.                       LMitaide  bTMeoni 

agSS a  SO    0  A.M.             D«:IiD«t><m. 

38  «  - 11  17MA,M. 

■t- w  wit 

If    lis. 

Sum...  6r  90  b^M  40           1  <7  49  EUpMd  tliM. 

Diff....  10  U  half  8    7           0  5S  51  H>£d>pwd  time  =  13"  ST  45" 

Soo'idKlliMtioa.  17  ll...8M>Dt  ...    0.01983 » 

»Siiia...    9.470IC 

HiJf  ium  .lu.....  «  M...C<«li».,.    8.9«W...8lM 9.7437> 

Balfdiff.ilu 9    7...SiM 8.850a9...Co-.in«...    S.OOW 

ArcMcond 19  S9...Stne S.S29»...SMaiit  ...  •O.OKMI 

Am  third... SS    8... OmIiw...    8.77869 

8M«nl...  -o-oaisci 

EXAMPLE  IV.    (Page  195} 

TItdm. 
h.    m.  •■  Luitude  br  mo 

10    4  10A.M.  Dedbutfam 

1  38  36  P.M. 


Arofint 95  88    Co^Mcut    0. S5093...aecut.....    0.04SOI... 

Halfaumalu 80  19^  Co^nna...    9. 97S08...Sine 0.5407S 

Half  diff.  alu 0  88)  Sine. 8.83086...Co->ine...    9.99994 

AnMOond 8    6...Sli)e B.6«aS7...SMuit.....  •0.00099 

Are  third. «7  lO) Quiae....    9.S8fl00 

Am  fourth  _. »$  3!4=U80°-83°  iT*) 


Awfil 


..  99  IS 


Secant...  ■0.  00OS9 
LMiMde  ....- SO  4«  N....CiMa«Bt    0.06960 
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EXAMPLE  V. 
September  9,  1835,  in  latitude  by  account  &>  90*  N.,  at  Oh.  34m.  SOs. 
by  a  chronometer,  sheving  Greenwicb  mean  time,  tbe  altitude  of  the  sun's 
lower  Umb  vs^  69°  49'  30",  and  at  Sh.  44m.  SOs.  by  tbe  same  cbnmometer, 
tbe  altitude  was  35°  10"  30",  the  instrument  beins  adjusted,  and  the  height 
of  the  observer's  eye  18  feet :  required  the  laUtude  at  the  time  the  greater 
altitude  was  taken.* 


Son'*  dedinuioo  at  OreeDwicb  niaBD  time  .. 


SaD'itnie>lt.stfintob«....    70    0  54      Son'i  true  mit.  at  uaond  obt. S9  91    0 

AltltudM.  Times  by  Chron. 


Anfim 17  a5...Co-tecant     0.dS3Sd...Saant ...    0.03038.... 

Balfnimalti.  ....  S9  41,..Co.<iiie...    S. 7IU63...Sitie 9.»>0S3 

Bilfdif.a)t>.  ..„  17  SO...SiiiB 9.47419...Co-iiDe...    9.97089 


The  mm  of  tbe  third  and  fourth  arcs  being  less  than  90°,  tiiis  example 
admits  of  two  answers :  first,  by  taking  the  difference  of  the  arcs,  the 
latitude  comes  out  f  36' ;  and  by  taking  their  sum,  the  latitude  trill  be 
1°  35';  but  it  is  evident  that  the  former,  agreeing  nearly  with  tbe  latitude 
by  account,  wilt  be  the  required  latitude. 

■  S«a  tb«  third  Example  worked  hj  Dr.  Bijikld«y')  method  b  the  Naudcal  Almanac  for 
1819,  Pageall&lS. 

Dd 


to*  on  FINBIKG  THE  LATITUDE  BY  DOCBLK  ALTtTVDSS. 

Had  tliia  example  been  worked  to  seconds,  the  Utitudee  would  hive  ben 
7°  37'  «9"  and  1*  SS"  8". 

NoTS.  By  the  preceding  mediodi  the  latitude  may  tic  fmmd  b;  t*o 
obseiTed  alutudes  m  a  star ;  bst  in  this  caae  it  vill  be  ncceasarr  to  itduR 
die  interval  between  the  observ^one,  a«  measared  in  mean  Mar  time  h 
a  watch  or  chronMneteri  to  ndere^  time,  by  Table  XXXVIl.,  u 
e^Jained  in  the  use  of  that  Table. 

EXAMPLES  FOR  EXERCISE. 

1.  October«),1895,in  latitude  by  account  50'9'N.,  at  Oh.  34in.  P. M. 
the  sun's  true  altitude  was  S9°  15',  and  at  Sh.  46m.  P.  M.  it  was  20°  S': 
nquiied  the  true  Utitude. 

Answer  50°  19' North. 

2.  February  S5,  1835,  in  latitude  49°  SS'  \.  by  account,  at  Oh.  SSm. 
P.M.  the  observed  alutude  of  the  sun*s  lower  limb  was  38°  53',  and  u 
Sb.4Sm.  P.M.  it  was  19^44',  the  hei^t  t^the  observer^ eye  being  14 fed: 
required  the  true  latitude. 

Answer,  5L°  14'  North. 

3.  July  8,  1835,  in  latitude  58°  SS'  N.  by  acconnt,  and  kngitade 
111°  E.,  at  lib.  2m.  A.  M.  per  watch,  the  altitude  of  the  sun's  lower  linb 
was  sap  SS',  and  at  Ih.  25in.  P.M.  the  altitude  was  53°  44*,  tiie  m 
at  that  time  bearing  S.  W.  by  W.  by  compass ;  the  height  of  the  obserwr't 
^ebeingSOfeetjand  the  ship's  course dunng  the elaps^  time  S.S.W.  J W., 
sailing  at  the  rate  of  8  knots  per  hour :  required  the  slup's  true  latitwkil 
the  time  when  the  greater  altitude  was  observed. 

Answer,  57°  88'  North. 

4.  Auffust  SO,  1835,  in  Utitude  12°  43'  S.  by  account^  and  IcK^ladc 
168°16'W.,at  llh.  ISm.  SOs.  A.M.,  the  altitucfc  of  die  sun's  lower  limb 
was  6©>  9'  30^',  and  at  Ih.  15m.  12b.  P.M.  it  was  62°  0"  15",  bearing  •» 
that  time  N.  W.  i  W.:  during  the  eUpsed  time  the  ship  was  sub^ 
S.  W.  by  W.  at  the  rate  of  4  knots  per  hour,  and  the  height  of  im 
observer  s  eye  was  28  feet :  required  the  true  latitude  at  the  time  of  ukiig 
the  greater  altitude. 

Answer,  11°  3T  Soutii. 

To  find  the  Latitude  by  an  AUUude^  the  Sun  taken  near  UteMeriSm: 
having  the  Apparent  Time  Jrom  Noon,  the  LtUitude  hy  AccouiU,  <mi 
the  Sun's  Declination  at  the  Time  of  Ohaervation. 

Rule  1.  From  the  observed  altitude,  find  the  sun's  true  altitude,  uxl 
reduce  tiie  dedinataon,  taken  from  Page  I.  of  the  month  in  the  Nautical 
Almanac,  to  the  apparent  time  of  observation,  by  Table  XXI.  or  XXXIH- 

2.  Add  together  the  log.  rising  of  the  time  from  nocHi  (XXIX.) 

the  1(^.  co-sine  of  the  latitude  (XXV.) 
and  the  log.  co-sine  of  the  declination ; 
the  natural  number  correqwnding  to  the  sum  of  these  three  logsnihsu 
(rqecting  the  tens  in  the  index)  (XXIV.)  being  found,  and  added  to  *« 
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natural  sine  (XXVI.^  of  the  true  altitude,  vill  dve  the  natural  co^e  of 
the  meridian  teiuth  distance,  to  which  apply  the  aeclination,  as  before,  and 
the  Tesult  vlU  be  tte  latitude. 

Should  ^  latitude  thus  fooDd,  differ  utaterially  from  the  latitude  by 
account,  it  vill  be  odvisaUe  to  repeat  the  operatitm,  using  diat  latiiude 
imtend  of  the  latitude  by  aocounb 

Note.  The  apparent  time  at  the  ship  vhn  the  altitude  ia  taken,  may 
be  asoertained  by  altUudea  dbterved  when  the  aim  Is  at  a  proner  distaitoe 
from  the  mendion,  ••  fibewn  benaftet,  aod  the  error  it  then  nod,  applied 
to  the  time  shewn  by  the  same  watch  when  the  altitude  is  taken ;  and 
should  the  ship  have  changed  her  meridian  since  the  error  of  the  watch  was 
ascertwned,  the  di^rence  of  longitude  made,  must  be  reduced  into  time  by 
Table  XIX.,  and  added  thereto,  if  east,  or  subtracted  from  it,  if  west. 

Or,  the  apparent  ^e  at  the  ship  may  be  obtuned  by  means  of  a 
chronometer  shewing  mean  time  at  Greenwich,  by  appIyiDK  to  that  dme 
the  cquadon  taken  from  Page  II.  of  the  month  in  the  Nautical  Almanac, 
in  OToer  to  reduce  it  to  apparent  lime  at  Greenwich:  to  this  add  the 
lonjptude  of  the  ship  (reduced  into  time  by  Table  XIX.)  if  it  be  east, 
or  Hubtract  it,  if  west,  and  the  result  will  be  the  apparent  time  at  the  ship. 

The  obserratuHiB  should  be  taken  within  ilie  following  limits,  viss.  the 
number  of  the  nunutes  in  the  time  from  noon,  should  not  exceed  the 
nomber  of  degrees  of  the  sun^s  meridian  lenith  distance.  (See  Note  at  the 
bottom  of  Page  198). 

EXAMPLE  I. 

October  11, 1836,  in  Utitude  by  account  46=  KV  N.,  and  longitade 
158P  E.,  the  altitude  of  the  sun's  lower  limb  was  36°  33'  at  Oh.  aSm.  10b. 
P.  M.,  by  a  watch  previously  regulated ;  the  height  of  the  observer's  eye 
being  lo  fret :  required  the  true  latitude. 

33    0  App.tlmeuaUpOct.  11   0  18 

3  SO  84       . 


tatrtS  App.  time  M  Oreenwich  Ocb  10...  13  56 

iBtarl7N.A....  +  )S    3  ■ 

-   Sun'*4ee.Oet.lO,b7p*sBlofN.A.6°Sr8'Z<rs. 


..  36  43  66   Co„, fo,  la. Om.  (XXI.)  11'  BO" »   ,    ,,  ,„ 
Ditto  for  lb.  Mm. I   58  t  +  "  '^ 


Sun'ideclioMiMi  atOraeawich  tioa  6  41  41  8. 

Time  from  noon 0  S8  10    Rl*i«g  S.  87753 

L«tilude  by  sec. 46"  Iff  N Conine 9.S4046 

Snn'f  dedinatMa  8    4S  S Co^iiie.. - S.S&TeS 


TnealtiuUa.— ■ 


Hat.numlMr      6IS. hog. S.flMl 

NM  ■>!».....  9BM» 

.  NrU  co-dne  60328 


.i,:sa:,G00gIc 


so*  ON  FIMDING  THB.  LATITODK  »Y  A  BlVOhX.  ALTITUVB. 

EXAMPLE  II. 

Julys,  1835,  int&titudeby  account  rrfityS.,  and  hmgitnde  114P  W^ 
at  lib.  4Sm.  40s.  A.M.  (bdng  July  2,  at  SSh.  4Sm.  40a.  astronomkil 
tinte),  by  a  mtch,  whoae  enor  had  been  previously  found  to  be  7ni-  SOs. 
too  fiist  for  apparent  tine  at  ship*,  the  altitude  of  the  sun's  upper  Hnb 
was  41°  S'  N.,  the  height  of  the  observer's  eye  b^ng  SI  foet,  and  the  ship 
having  made  38  miles  of  longitude  to  the  eastward  since  the  watdi  wsi 
regulated :  required  the  traelatitude  of  the  place  of  observation. 
b.  m.  k 
TinM  of  obMTTmtioD  par  wmtdi „ 11  48  M 


40  fiS  89  App.tinienOraaiwic^.JulvS...     7  SO 

by  N.  A.  -  16  4a                                                               =  *    , 

8mi'»dec.JiiJy3,byp«g»l,N.A.  83  181 

Bnii'a  tniB  altftnds 40  40  47  Corr.  fix  Gteenwitt  tnne  (SXI.)  -  191 


h.    m.  «. 
.  0    W18 

97  MS. 
89    ON. 

40  41 

.49    HS. 

Bun- 

LMitudB  br  •oemut. 

Nm.  nmubK      906 
NX.  riD>  ...  6S1BB 

Nm.co«m    663S4 

Log... 

S.81399 

Mer.  lenJUi  dutance 

EXAMPLE  III. 

Snitember  SS,  1886,  in  latitude  by  account  50^  10'  N.  and  longitwk 
«)°  ae-  W.,  the  altitode  of  the  sun's  lower  limb  was  40°  !»  15"  S.,  lAen  a 
chronometer  shewed  Sh.  1m.  50b.  mean  time  at  Greenwich ;  the  error  of 
the  instrummt  beinj^  +  I'SO",  and  the  height  of  the  observer's  eye  M  feet: 
tequired  the  tme  latitude. 

*  Saetba  Bulnfot  finding  ttw  time  and  arror  of  lb*  waUk  f nitfear  «n. 
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b.  m.  1. 

Hmui  tima  M  Gresnwich  b;  ChrouoDum w 9    I  50 

£qiuui(«of  tuiie,B^>ci9,  by  pagell,  <tfN.A.   -f    7  10 

App.  time  >t  OrMDwleh  by  ChnmomeUr fl    9    0 

Lmptuda  of  ihlp  ts  tims  (TiUe  XIX.)  liSSiW. 

Appwent  time  at  iliip «.    0  46  SS 


Smi'idcdiiLM  OreenwidkUnw..    0  28    i  N. 


«  Bliituds  ...  40  24 


By  repeadng  the  operatioa,  «ith  the  Utitude  u  above,  the  true  latitude 
comeB  out  49°  Sj'  N. 

EXAMPLES  FOR  EXERCISE. 

1.  May  9, 1685  (civil  time),  in  latitude  by  account  S8°  SO*  S.,  aad  lon^- 
tude  22P  W  E.,  the  altitude  of  the  sun*s  upper  limb  woe  3S°  21'  30"  N., 
when  s  watch,  previously  r^ulated,  shewed  Hh.  lOto.  Ids.  A.  M.,  the 
height  of  the  obBerver''s  eye  being  S4  feet,  and  the  error  of  the  instrument 
+  W  15" :  required  the  true  Utitude. 

Answer.  3tf>  S^'  South. 

3.  November  10,  1835,  in  latitude  by  account  60°  12*  N.,  and  lon^' 
tude  32°  30*  W.,  at  Oh.  56m.  12s.  P.  M.,  by  a  watch  whose  error  had  been 
previously  foimd  to  be  4m.  ISs.  too  slow  for  apparent  time  at  ship,  the 
altitude  of  the  aun''8  lower  limb  was  1 1°  48'  45"  south  of  the  zenitD,  the 
height  of  the  observer''s  eye  being  18  feet,  and  the  ship  having  made  24 
miles  of  longitude  to  the  westward,  nnce  the  error  of  the  watch  was  foimd : 
required  the  true  Utitude. 

Answer.  60°  4"  North. 

S.  March  15,  1835  (civil  time),  in  latitude  by  account  47°  IS*  S.,  and 
longitude  168P  SO*  £.,  the  altitude  of  the  sun's  lower  limb  was  44°  6'  15"  N., 
when  a  chronometer  shewed  ISh.  25m.  55b.  mean  time  at  Greenwich, 
March  14,  the  error  of  the  instrument  beine  —  2'  0",  and  the  b^bt  of 
the  observer's  eye  12  feet :  required  the  true  latitude. 

Answer.  47°  46'  South. 
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(  «06) 
ON  THE  VARIATION  OF  THE  COMPASS. 


The  Vakiation  of  tbb  Compass  is  the  devUdon  of  the  pointi  oT 
the  Msrmer''B  Coaipase  fton  the  eorrespottding  points  of  the  horiEon,  ud 
it  termed  east  or  weat  vsrudon,  acoatding  as  the  magnetic  needle,  <x 
north  pcnnt  of  the  oomptas,  is  inclined  to  tbe  eastwaid  or  veetwsrd  of  th( 
ttue  north  p<Hnt  of  the  Mriion. 

For  mtnj  years  after  the  discovery  of  the  compaai,  it  vaa  supposed  ttM 
(he  needle  ezMtly  cmiiaded  with  the  plane  of  the  meridian,  and  conw- 
qoently  that  all  tne  points  of  the  compass  agreed  widi  tbe  correspondeiil 
points  of  the  horizon-  In  the  veai  14^,  Columbus  first  observed  thil 
tbe  needle  deviated  from  the  nonn  and  soudi  points  of  the  horiion ;  bit 
still  imagined  this  deviation  was  constantly  ^  sane :  however,  in  1634, 
Mr.  Edward  Gillibrand,  Professor  of  Astronomy  in  Grcsham  Coll^, 
discovered,  from  a  comparison  of  bl^  own  observatioiu  with  those  of  hii 
predecessors,  that  the  variation  was  not  always  the  same  at  the  same  plice; 
for  in  that  year  he  found  that  the  variation  of  the  compass  at  DeftfonJ 
was  4°  4^  East,  which,  compared  with  the  same  as  observed  by  Mr.  Burron, 
in  1680,  at  Limehouse,  who  had  found  it  to  be  11°  W  E.,  pl^nly  she'al, 
that  in  the  course  of  54  ^ears  the  variadon  had  diminidied  more  thiu  7 
degrees.  In  1657,  according  to  Mr.  Bond's  observationa,  there  wss  on 
variation  of  the  compass  at  London:  since  that  dme  the  needle hssbea 
declining  westward,  and  te  at  preeesit  about  24^  10'  West* 

It  likewise  sppears,  from  obserradons  made  in  various  parts  of  the 
world,  that  in  dmerent  places  tbe  variadon  differs  both  as  to  its  qusnlity 
and  denominadon,  being  west  in  some  places  and  east  in  others  :  Ouis,  <^ 
the  South  Coast  of  Irdand  the  variadon  is  at  present  about  SO^^  West;  but 
near  Cape  Horn,  in  SouUi  America,  it  is  23°  East. 

But  besides  the  deviadon  of  tlie  needle  from  the  plane  of  de  true 
meridian,  i^ch  it  acquires  after  being  touched  with  a  magnet,  it  obtains 
another  property  called  the  dip  ;  that  is,  aldiough  the  needle  be  propcrlj 
balanced  beforehand,  it  will  now  lose  its  horizontal  position,  and  one  toi 
win  incline  below  the  horizon,  while  the  other  will  be  elevated,  so  thtl  ii 
will  be  necessary  to  attadi  a  weight  to  the  elevated  end,  in  order  to  restiw 
it  to  a  horisontal  position  when  supported  on  the  central  pin.  The  m^ 
tint  it  makes  with  the  horizon  is  called  the  dip  of  the  n^dle.  Near  m 
equator  it  iodines  but  litUe  from  the  horizontal  plane ;  but  one  end  is 
depressed  the  more  as  we  advance  towards  the  poles — the  north  end  in  tbe 
northern  hemisphere,  and  tbe  south  end  in  the  southern  hemisphere. 

The  needle-  is  also  subject  to  a  local  attraction,  resulting  priodptDf 
from  the  masses  of  iron  on  board  ship,  by  which  it  will  be  drawn  more  v 
leas  ftom  the  m^nedc  meridian,  accor^g  as  the  disturbing  cause  » 


24°  41'  43"  W««t ;  th«  needle  bai  rinee  thai  lime  been  tnln^rti'ia^,  Aie  mBgnelic  >K^ 
gradually  Inclining  to  ihe  eailnard,  and  coniequenLly  the  wenleriy  nriotioD  di  — — '-' 
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sJttUMd  with  regard  to  the  needle ;  this  effect  i§  called  the  aburration  of 
tHe  mtdle.  Now,  m  a  ship  ia  trsverxing  ia  constantly  dunging  its 
dbection,  the  iron  contained  therein  must  be  carried  by  it  into  diilerent 
podtioni  with  respect  to  the  comwisi,  and  by  iu  attractimi  will  continually 
change  the  direction,  of  the  needle.  If  we«»ly  Tsriation  be  increaaed,  or 
easterly  variation  diininiBhcd,  when  the  ■faip''a  head  i<  in  a  weaterly  direction, 
the  contrary  efl^  will  be  produced  when  the  ihip's  head  is  hrouaht  round 
to  an  easterly  direction,  that  is,  westerly  variation  will  be  diminuhed,  aad 
euterly  increased :  hence  it  wiU  be  necessary  to  detsnniae  the  actual  no- 
ation  of  the  compass,  when  die  ship's  head  ia  directed  to  difierent  pmnts 
of  the  horiion.  In  the  northeim  henitq>here,  when  the  compass  is  placed 
at  or  Dear  the  binnacle,  the  north  point  of  the  needle  is  attracted  at  drawn 
foTWiid  towards  the  ship's  head ;  and  the  soulli  pcunt,  in  the  aouthetB 
hemisphere. 

The  greatest  aberration  takes  place  when  the  ship's  head  is  at  or  near 
the  east  or  west  points,  and  decreases  towards  the  magnetic  meridian,  in 
the  proportion  of  radius  to  the  sine  of  the  angle  between  the  shot's  head 
and  the  magnedc  meridian. 

The  most  simple  method  of  ascertwning  the  aberration,  and  fiom 
thence  the  actual  variation  of  the  compass,  when  the  ship's  head  is  in  any 
given  direction,  is  to  observe  the  variation  when  the  ship's  head  is  brou^t 
utemately  to  the  east  and  west  points;  half  the  sum  of  these  variadous 
win  be  the  true  variation,  and  half  the  difference  will  be  the  greatest 
aberration  of  the  needle,  arising  from  local  attraction :  then,  to  nnd  the 
sberradon,  and  &om  thence  the  actual  variation,  when  the  ship's  head  ia 
on  any  other  point  of  the  compass,  enter  a  Traverse  Table  with  the  given 
number  of  pointe  from  North  or  South,  at  the  top  or  bottom,  and  the 
gieatest  aberrabon,  reduced  to  minutes,  in  a  distance  column;  oppoBite 
to  which,  in  the  corresponding  departure  column,  will  be  found  the  aber- 
ration in  nuQUtes,  when  the  ship's  head  is  on  the  given  point  of  the 
compass;  then,  if  the  ship  be  in  the  northern  hemisphere,  allow  the  aber- 
ration to  the  right-hand  of  the  true  vaiiadon,  when  the  ^ven  point  is  to 
the  eastward  of  toe  magnetic  neridian,  or  to  the  lefl-hand  when  the  g^vcn 
point  ia  to  the  westwud ;  but  the  contrary  to  this  rule  is  to  be  observed 
when  the  ship  is  in  the  southern  hemisphere :  the  result  will  give  the  actual 
variation  when  the  ship's  head  is  on  the  given  point  of  the  compass. 

Example.  Suppose,  when  the  ship's  head  bore  east,  being  in  north 
latitude,  the  observed  variadon  was  ^\°  30'  W.,  but  when  the  ship's  head 
was  put  about  to  west,  the  observed  variadon  was  27°  20'  W.:  reqiured 
the  true  variation  independent  of  local  attracdon,  the  greatest  aberradon 
of  the  needle,  and  Uie  actual  variation  when  the  ship's  head  is  on  each 
sectmd  point  of  the  compass. 


Tme  ftHatlDih t4    30  Gnateit  abemtion  ,. 
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Now,  to  find  the  sbemtion  of  the  needle  vhen  the  Aif^a  heidiitn 
points  from  the  north  or  south,  enter  TaUe  1,  with  two  points  at  tkw  te 
and  die  greatest  aberrsdoo  ISC'  in  a  distance  colnmn,  <^ipoBite  to  vhio, 
in  the  corresponding  dqwrtvre  colunui,  will  be  69'=!'^  9',  the  abanM 
required :  this  abenation  beinp  allowed  to  the  right-hand  when  tfae  ih^ 
head  is  to  the  eastward,  diminishes  the  true  variati(Hi  24°  Sff  W^  ud 
therefore  subtracted  from  it  leaves  23°  21',  the  variation  to  be  allowed  vha 
the  ship>  head  is  N.N.E.  or  S.S.E.;  but  as  the  aberration  u  to  be 
allowed  to  the  left-hand  when  the  ship's  head  is  to  the  westward,  cobn- 
quently  increasing  the  vaiiadon,  add  the  above  together,  and  their  sm 
SfiP  S9'  will  be  the  variation  when  the  ship's  head  is  N.  N.  W.  or  S.  S.W. 

In  the  same  manner  the  variatioiu  may  be  found,  corresponding  to  it 
other  points  of  the  compass. 

The  variatioiu  may  tnen  be  fmmed  into  a  table  as  foUows : 


Bliip'.II.^b7 

VwUdon.. 

sup'iHMdbr 

C-pw.. 

C0B.p«^ 

North 

a*    30  W. 

South 

91    MW. 

83    SI 

s.  s.  w. 

9S    S3 

s.  w. 

SI    44 

i      w.a.w. 

Eut. 

81    M 

Wtt% 

27    SO 

E.8.E. 

81     U 

1        W.N.W. 

«     16 

8.B. 

8J    S3 

1        N.  W. 

M    S7 

S.S.K. 

SS    >l 

N.  N.  W. 

SS    M 

Hence  the  Taiiations  to  be  allowed  are  oppodte  the  courses  steered:  int. 
if  the  ship's  head  is  E.  N.E.,  the  variation  to  be  allowed  is  SPIV  W.;  bit 
if  W.  S.  W.,  the  variation  to  be  allowed  is  ifT  16'  W. 

The  observations  for  determining  the  variation  should  be  made  *idi  ■ 
azimutii  compass  placed  amidsbip  <hi,  or  as  near  to,  the  binnacle  as  can  k 
safely  done ;  and  tAe  steering  compass  should  be  compared  with  ifae  adaDA 
compass,  to  ascertain  that  there  is  no  difl^rence  in  tiie  direction  of  it 
needles,  since  the  local  attraction  of  the  iron  in  the  ^p  will  aftct  dx 
needle  differently  in  different  parts  of  it* 

The  VAHiATioif  OF  THE  CouPAss  is  found  by  comparing  together  ik 
sun's  true  and  magnetic  amplitudes  or  aiimuths. 

The  TBUE  Akplituiie  of  any  celestial  otgect  is  an  arch  ot  the  hnias 
contained  between  the  true  east  or  west  pointe  tiiereof,  and  the  etam^ 
the  object  at  the  time  of  its  rising  or  setting ;  or,  it  is  the  dmtt*  s*d 
minutes  the  object  rises  at  sete  to  the  northward  or  southwanl  of  dw  me 
east  or  west  points  of  the  horison. 

The  MAGNETIC  Auflithdk  is  an  arch  contsoned  between  tfae  <■«« 
west  points  of  the  compass   and   the  centre  of  tfae  object  at  ritiof 

"  Hr.Bariov,  ■ftheBmlHiUtarf  AodaiBT  M  Woolwich,  hu  mrviUA  «i  Vf^ 
fornentnliiing  tha  effect  of  local  Mtnetion  on  the  Doodle  of  the  ihip's  compen  ;  thbcawM 
CfknuUl  inniplaMtGxeduiincha  litDUion  beUod,  wid  nev  to,  the  Mewliy  n»f— .  *" 
ita  lacsl  action  may  eiacdjr  ot  '       ' 


tear  to,  the  Mawliy  flfpaa,  fc 
IT  of  all  the  iim  in  tlia  Mp- 
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,  it  is  the  bearing  of  the  olgectj  by  compass,  when  in  tb? 

Tbe  TKUE  AuMUTu  of  an  object  is  &n  arch  of  the  hoiizon  conttuned 
between  the  true  meridian  and  Uie  aiimuth,  or  vertical  drcle  passing 
through  the  centre  (tf  die  object. 

The  MAGNETIC  A21HCTH  ia  an  arch  contained  between  the  magnetic 
meridiaQ  and  the  aiimutb,  or  vertical  circle  passing  through  die  centre  of 
the  object ;  or  it  is  the  bearing  of  the  object,  by  compass,  at  any  time  when 
it  ia  above  the  horizon. 

The  true  amplitude,  or  anmutfa,  is  found  by  calculation;  and  the 
magnetic  amplitude,  or  azimuth,  by  an  aamuth  compass. 

The  following  is  a  description  of  Mr.  M'Culloch's  patent  Azimuth 
Compass,  with  the  method  of  observing  amplitudes,  or  azimuths,  by 
the  same. 


DESCRIPTION  OF  THE  AZIMUTH  COMPASS. 

Figure  3,  Plate  VIII.,  is  a  representation  of  tbeaiimuth  compass  ready 
for  observation.  The  neolle  in  uiis  compass  is  bent  in  such  a  manner,  that 
the  point  (^  the  conical  pivot  on  which  it  moves,  and  is  supported,  may  be 
brought  v^  near  to  the  centre  of  gravity,  as  well  as  to  the  centre  of 
motion.  The  card  is  rimilar  to  those  of  the  steering  compass,  with  this 
dillerence  only,  that  a  cvcular  ring  of  silvered  brass,  dividea  into  360°,  or 
rather  into  four  times  90°,  circumscribes  the  card.  6  represents  the 
compass  box,  which  is  brass,  and  has  a  hollow  conical  bottom,  e  is  the  prop 
upon  which  the  compass  is  supported,  instead  of  gimbols.  It  stands  in  a 
brass  socket,  screwed  to  the  bottom  of  tbe  wooden  box,  and  may  be  tamed 
round  at  pleasure,  h  is  one  of  the  guards ;  the  other,  bemg  directiy 
oi^Kinte,  IS  hid  by  the  box.  Each  guard  has  a  slit,  in  which  a  pin, 
projecting  from  the  side  of  the  box,  may  move  freely  in  a  vertical  direction. 
1  is  a  biasB  bar,  upoa  which,  at  right  angles,  the  sighuvanes  are  fixed :  a 
line  is  drawn  along  the  middle  of  this  bar ;  which  line,  the  lines  in  the 
vtawBt  and  the  thread  joining  their  tops,  are  all  in  tiit  '  ?  is  a 

co1oured.glass,  which  may  be  moved  up  or  down  the  jt  is  a 

toagnifyiiig-glass,  moveable  on  tbe  other  vane,  whose  f(  neailv 

equal  to  the  distance  between  the  vanes.    5  is  the  non  which 

contuns  six  divisions;  and  as  the  limb  of  the  card  lo  half 

d^rees,  each  diviuon   of  the  nonius  is  therefore  The 

interior  lur&ce  of  the  nonius  is  ground  concave  to  th  circle 

of  tbt  Bane  diameter  as  the  circle  of  the  card.    6  i  screw, 

connected  with  the  nonius,  which  serves  to  move  tl  to  the 

caid,  and  thereby  fwevent  it  from  vibrating  as  soon  as  I  of  the 

nmpUtiide,  or  azimuth,  is  conpleted.  7  is  a  convex  lens,  to  assist  tbe  eye  in 
rowing  off  the  observed  amplitude,  or  azimuth.  8  is  a  milled  head,  by 
whidi  die  card  m^  be  lifted  off  the  centre,  and  prevented  from  vibrating, 
when  the  compass  is  not  wanted  for  use. 


c«.i,:sa:,-G00gIc 


no  OH  THB  TABIATWH  Or  THE  COMTAM. 

USE  OF  THE  AZIMUTH  COMPASS. 
'    To  ohB&tve  the  Swft  jtmpStade. 

Tum  the  compus-box,  until  the  vtne  conUining  the  migaif  jii^-eUai  ii 
Erected  towsrda  the  ran ;  and  when  the  bci^t  spedc,  oc  nya  of  me  nn 
collected  by  the  mtgnifyins-gUM,  fidla  upon  the  slit  in  the  other  not, 
•top  the  card  by  means  of  uie  nonius,  and  read  off  the  amplitude. 

Without  using  the  magnifying-^ass,  the  sight  may  be  directed-dirou^ 
die  dark  ^ass  towardB  the  ran ;  and  in  this  case,  the  caid  is  to  be  stepped 
when  the  sun  is  bisected  by  the  thread  in  the  other  vane. 

The  obserratlon  should  be  made  when  the  sun*s  lower  limb  appetit 
•omewhat  more  than  his  semidiametn  above  the  hoiison,  because  his  teun 
is  really  then  in  the  horiion,  although  it  is  apparendy  elevated,  on  aocmnt 
of  the  refraction  of  the  atmosphere :  this  is  parQcuIarly  to  be  noticed  in 
high  latitudes. 

To  obaerve  the  Sitn^a  ^ximuth. 

Raise  the  magnifying-glasa  to  the  upper  part  of  the  vane,  and  move  the 
box,  as  before  directed,  until  the  bright  speck  falls  on  the  other  vane,  or  on 
the  line  in  the  horixontal  bar ;  the  cam  is  then  to  be  stt^ped,  and  tk 
divisions  being  read  olT,  will  be  the  sun^s  magnetic  asimuth. 

If  the  card  vibrate  considerably  at  the  time  of  observation,  it  will  tc 
better  to  observe  the  extreme  vibrations,  and  lake  their  mean  as  the  nug- 
oetic  anmuth.  When  the  magnetic  asimuth  is  observed,  the  altitude  tf 
the  object  must  be  taken,  in  oider  to  obtain  the  true  azimuth. 

It  will  conduce  much  to  accuracy,  if  several  aiimuths  be  observed,  via 
the  corresponding  altitudes,  and  the  mean  of  the  whole  taken  for  die 
observation. 

To^nd  the  Variation  of  the  Compass  by  an  Amplit%tde. 

Rdlb  1.  With  the  given  time  and  longitude,  find  the  correspon&f 
lime  at  Greenwich,  by  the  Rules  in  paj^  155,  and  to  that  time  reouce  at 
sun's  declination,  (Xxl.)  taken  from  Table  X.,  or  the  Nautical  Ahnsmt- 

2.  To  the  loff.  secant  of  the  latitude  of  the  ship,  rgecting  the  indo 
(XXV.),  add  the  1(^.  une  of  the  sun's  reduced  decimation;  their  sum  vO 
be  the  log.  sine  of  the  true  amplitude*,  to  be  reckoned  fnm  tfie  eact  v 
the  morning,  or  from  the  west  in  the  afternoon,  towards  the  iH»th  « 
south,  according  to  the  declination. 

3.  Then,  if  the  true  and  magnetic  amplitudes  be  both  north,  or  boa 
south,  their  difference  is  the  variation ;  but  if  one  be  north,  and  the  **fcw 
south,  their  sum  is  the  variation  :  and  to  know  whether  it  be  easteHy  • 
westerly,  suppose  the  observer  looking  towards  that  point  of  the  oaaps" 
representing  the  magnetic  amplitude;  then,  if  the  true  amplitude  be  to  tK 
right-hand  of  the  magnetic,  the  variation  is  east,  but  if  to  the  left-hand  H 
is  wesL 

*  Tbe  true  implitud*  mkf  likewise  be  foand  qtproiliiuitely  by  lUite  XLII. 


ON  TRS  TAKIATIOM  OT  THB  COHFAStf. 


Reqoiied  the  §im'8  true  sm^itiide  oa  November  6,  18S6,  in  latitude 

LmHtDde. 48°  ir     Sa<»Dt.„    0.17748 

DedinMioa   » 16     «  8.. .....Sine. 9.44*97 

Tnu  amiditiide......  S4  40     Sine......    S.0SO49 

r  E.S.E.1S.  nndj:  mDd  tot  W.  S4° 40* &, or 

EXAMPLE  IL 

Jidy  9,  18S6,  in  latitude  9°  SG"  S.,  the  sun  was  6b§erTed  to  rise  East 
M^M'N.:  lequiTed  tlie  variation  of  the  compass. 


. 9.B9741 

VuiBttou    10    37  Wett,  the  tme  amplitude  bdng  to  ibm  Itft  el 

the  magnedc. 

EXAMPLE  III, 

September  34, 1836,  in  latitude  SSP  '&%'  N.,  and  longitude  79=*  W.,  the 
sun''B  centre  vae  observed  to  set  W.  6°  15'S.,^out6h.P.M.:Teqiuied  the 
Tsriation  of  the  compass. 

h.      D 

Time  M  ihip,  Sept.  94 6      < 

Ijongltude  ui  time  (XIX}....    6     II 

Tiine  M  Oreanwkh 11     18  Son's  declin.  at  Oreenwkh  dme  . 


True  ampUtude,  W.    0    SO  S..„...BiQe B,  )66>7 

Meg.  uupUtuda,  W.    4     17  S. 

VaiUtiOD    8    97EMt,dietnieHDp]ltudabelng4athe  r^  of 

EXAMPLE  IV. 

Being  at  sea,  m  latitude  43^  36'  N.,  and  longitude  30°  West,  on  Feb.  15, 
1886, 1  obserr^  the  bud  s  centre,  at  setting,  W.  6°  45'N.,  at  6h.  52m.  P.  M. 
time :  required  the  variation  of  Uie  compass. 


App-  tine  U  Oremvicti B    IS  San'i  declin.  a1 

EeS 


:,  Google 


■on  TBX  VAKtATION  O*  THE  CfMtFAaS. 

Latltnd*. 4S°  ST  N. Seant^.  D.  lUlt 

8uD-i<ladiiiMiiit>»„  U    4SS. Sine.....  9.1USI3 

Truaunplttuda.  W.  17    M& afaw. 9.*lt» 

Mif.  uDiiliiude,  W.    6    M  N. 

Vaiiitlim    S4    SS  WMt,ib«tras  unpHtndelitiiigtatbt  i^« 


EXAMPLES  FOB  EXERCISE. 

12,  183£,  in  latitude  4SP  12'  S.,  and  longitude  14^  46'W, 

.  P.  M.,  apparent  time,  the  stm  set  N.  W.  \  W.  by  compan: 

.e  Tariation. 

8P  67'  West. 
'  nber  10, 1835  (dvil  dme),  in  latitude  5i°  Sfr  N.,  and  lu^ 

S'  W,,  the  sun^  centre  was  observed  to  rise  S.  by  E-,  tf 
..  M.,  apparent  time :  required  the  Tarioooa  of  the  coinpuL 

86°  34' Wert. 

h  9,  1835  (civil  time),  in  latitude  10°  9f  S.,  and  longitade 
Ute  sun's  magnetic  amphtude  at  rising  vas  observed  to  be 
S.,  at  5h.  51m.  A.  M.,  i^ipaient  dme:  required  the  miatiiio 
ipasB. 

11°  23',  or  1  point  neatly,  East 
mber  13, 18S5,  in  latitude  S2°  S6'  N.,  and  longitude  74^  15  W., 
n.  P.  M.,  apparent  Ume,  the  sun  was  observed  to  set,  by  u 
)nipasB,  W.  21°  30'  S. :  required  the  variation. 

No  variation. 
:h  21,  18S5  (dvil  time),  in  latitude  52°  15' N.,  and  lonj;icuilt 
t  6h.  Om.  A.  M.,  apparent  time,  the  sun's  centre  was  obcemd 
E.  by  E. :  required  the  variation  of  the  compass. 
.  In  this  Example,  the  sun,  having  no  declination,  liacs  dde 
.  the  magnetic  amphtude  being  S.  £.  by  E.,  or  three  poiaU  <• 
vard  of  East,  the  variation  is  three  points  West,  the  trueanfli- 
{  to  the  lefi  of  the  nugnetic. 

To  Jind  the  Fario/ion  of  the  Compaat  by  an  Aasimuth. 

1.  With  the  g^ven  time  and  lon^tude,  find  the  correaNmdiii^ 
Greenwich  by  the  Bales  in  pi^te  155,  and  to  that  time  reauce  tbt 
.eclination,  (XXI.)  taken  from  Table  X,  or  the  Nautical  Almaiue; 
ute  also  the  sun's  true  altitude. 
"i.  Subtract  the  sun's  declination  from  90°,  when  the  latitude  and  decli- 
nation are  of  the  same  name,  or  add  it  to  ^,  when  they  are  of  contw? 
names ;  and  the  sum,  or  remainder,  will  be  the  sun's  polar  distance. 

3.  Add  togetiier  the  sun's  true  altitude,  the  latitude  of  the  ship,  and  tbe 
sun's  pplar  distance;  take  the  difference  between  half  th^  sum  and  ibc 
polar  distance,  and  note  the  remainder : 
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as  TBV  VAVIATJOH  OF  TRC  COKPAn.  ^313 

4.  llien  add  blether, 

the  i<^.  co-sine  of  the  half  Bom, 
and  the  log.  co-sine  of  the  remunder. 

5.  Half  the  sum  of  these  four  Ic^arithms  will  be  the  rine  of  an  arch, 
vhich  doubled,  will  be  the  sun's  true  ammuth ;  to  be  leckoned  &om  the 
south  in  north  latitude,  and  from  the  north  in  south  latitude ;  towards  the 
east  in  the  morning,  and  towards  the  west  in  the  afternoon. 

6.  'Then,  if  the  true  and  observed  aziinutliB  be  both  reckoned  from  the 
nordi,  or  both  from  the  south,  their  diiferencc  is  the  rariadon ;  but  if  one 
be  reclioned  ^m  the  north,  and  the  other  from  the  south,  subtract  the 
true  aximuth  from  180°,  and  the  difTerence  between  the  remainder  and  the 
Du^etic  aiimuth  will  be  the  variation :  and  tokiiow  if  it  be  east  or  west, 
suppose' dreobserrer  looking' towards  that  point  of  the  compass  representing 
the  magnetic  azimuth ;  then,  if  the  true  azimuth  be  to  the  right  of  the 
magnetic,  the  variadoh  is  east,  but  if  die  true  be  to  the  left  of  the  magnetic  - 
Ae  variadon  is  vest. 

EXAMPLE  I. 

July  SO,  1837,  in  latitude  21°  42'  N.,.  and  longitude  62P  E.,  at  th.  4m. 
A.M.  (or  July  19,  Bt  19h.  4ni.,  astronomical  time),  the  sun's  azimuth,  by 
the  compass,  was  observed  to  be  S.  100°  16'  E-,  at  the  same  time  that  tlie 
altitude  of  his  lower  limb  was  23^  36' ;  the  height  of  the  observer's  eye 
being  24  feet :  required  the  variation  of  the  compass. 

h.    m.  "    ' 

Time  U  ship.  Julv  IS.... 19    4        Snn'i  decUn.  July  19  (Tabla  X.)    M  SI  N. 

Tune  M  Or«envick 14  56  

.  Sun'i  d«clin.  at  Oraenwicli  tune...    90  4iV  N. 

=   '  m 

Obt.  alu  of  (on'a  lower  Bmb. 33  3S  

CoTT.  Tkbla  IX.  +  8*.  8  or  +     9        Sun'a  polar  ditlanoc 69  15 

Tnie  altitude  (tfion's  centre    83  4S Secant. „    0.03S43 

Utltnde 91  4S Secant    ...    0.03193 

Polar  dlitsDM 60  15 

Sun. ™....  114  43 

ILiir.«uii - 57  31 Co.tiao...    9.73300 

'     Remainder. „ 1154 Conine...    9.99057 

3}  10. 79393 

SI  59. Sine....M...    9.80640 
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EXAMnusa 

NoveaibCT  S,  1886.  m  htitiide  XE^Sf  N..  and  kngitiide  88"  W.,  liie 
altitndeof  tberaiiloverliBbwMobMned  tobelS°ST>>baat  tt.  Ifim. 
P.M.,  hia  Bigneoc  aBMBlh  at  tkn  lint  bcM  5.  58P  ^S*  W.,  and  the 
W^ofdwobMrrw^eTciSfaet:  nfoind  Ac  vwiatian  of  the  e 


i  U        Su'tdMlbkltor.l.rTalilaX.) 14  S2  & 

■  "—  " T.  far  9k  Ub* 


L<m(itadaIadnM(TdkZIX^.     S  M  W.  Corr^far  Mk^  Ub.  1         -,  ^^ ^  ^ 


•  U 


dma    15    *& 

•tfiitihimmrm  -..-...■  IW    < 


l^MdbifMmliMaM 
rokr  41MUM. 

U  « — 3e<»M  .„  «.eiMf 

un — .smu.-  0.044a 

l(B    0 

SI  SI C»«iDa-.  ».9ttll 

«>i9.«na 

as  lOi  — .siiM...  >.73ai 

Tnieaiinmtli & 

Hagnnk  uimuth...  8. 

S4«l  W. 
58  MW. 

Vufatbn      i  49  BaM,  ike  nw  MtawA  hiiBg  t»  Hm  i^b  tf  db 


EXAMPLE  m. 


Febnianr  14,  18S5.  in  latitude  86"  !»  S.,  and  lon^tnde  SS'  SO- W., 
about  hali^paat  6  A.  M.  (dvil  time),  the  following  altitudes  of  the  mm\ 
lower  limb,  with  the  corrasponding  iirimnttia,  were  observed ;  the  bdgbt 
of  the  obwrrei's  eye  bong  SO  fieet :  required  the  variation -of  the  coapwi. 


I3{Ta.X)  UBS. 

XI)9'48-\        ., 


Of  e     '  TimeMtUp,F«b.ia,  IS  SO  Snn'adaa.FAISrra.X 

8.87  UE.  11  IS  Lraw.inlIm«(T.XlX)  >  MW.Coi.tor ISh-tXXIjy  4r 

87    0  II  fiS                                 • Ditto  fur  91I.4IIIL...7  "" 

BO  40  IS  44  Time  at  Oreenwich  tl    4 

H  10  U  17                                     8iiB'ida:.Mai«Wui.Un>B  IX  US- 

as  46  U60                                        '     •                                                  90 

■  ^—^  Ob*,  ilu  (Dii'i  I<nr.  L  It  S5                                                .    —  — 

B)4n50  6SM  CoT.Ta.IX.4-ff.7«t  +    7  Stu'apehrdtaMm^ ft  4i 


HMmB.S<  34E.  IS  31    Sun'*  true  altitude .  IS  4S 
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OW  THK  VARIATION  OF  THE  COHPA8S. 


Son'* tnia altitude    ...    1>  U.........Smuii  ...  0.01D76 

latitude  „ M  18 Seoul  ...  IXOSSfO 

P(J^  dlMance 7S  U 

Sam  „. ^....^ I3S  48 

HiKnun ._ 69  SI Co-rine...  H.fiSSSS 

....„.».     UM Go^oB^.  O.MJOB 

S>  19. 75008 

4BU SiM. ».8rSlM 


EXAMPLES  FOB  EXEBCJSE. 

1.  Mardi  8,  18S5,  in  Utitude  12°  S^  S.,  and  lon^tude  1S£P80'  E.. 
at  6b.  96m.  P.  M.,  appaimt  dme,  the  sun^s  magnetic  azimuth  was  obserred' 
to  be  S.  79°  IS'  W.,  at  the  eame  time  the  altitude  of  hii  lower  limb  waa 
9°  46' ;  the  hei^t  of  the  observer's  eye  haag  1 6  feet,  and  the  error  of  the 
instrument  +  ^  30" :  required  the  variadon  of  the  compass. 

Answer.  1°  4V  East 

2.  August  6,  1885  (civil  time),  in  latitude  19°  W  S.,  and  lon^tude 
ff*Sitf  Vf.,  at  7b.  44in.  A.  M.,  apparent  time,  tbe  sun's  nuwnetic  azunuth 
was  observed  to  be  N.  81°  40*  E.,  when  the  idtitude  of  his  lower  limb  was 
17^  49';  tbe  hdght  ot  the  observer's  eye  being  S3  feet,  and  the  error  of 
the  instrument  +  S'  i5" :  required  the  variation  of  tbe  compass. 

Answer.  IT*  11' West. 

3.  May  SI,  1895,  in  latitude  5S°  13'  N.,  and  longitude  16S°40'  R. 
when  a  chronometer  shewed  17b.  56m.  34b.,  May  %0,  mean  time  at  the 
meridian  of  Greenwich,  the  sun's  aiimuth,  bv  compass,  was  observed  to  be 
S.  8S°  £8'  W. ;  the  altitude  of  his  lower  hmb  bong  at  the  evne  time 
X3P  4»  Sty,  and  the  height  of  tiie  observer's  eye  13  feet :  required  tbe 
variation  of  the  compass. 

AiuveE.  g°  16'  East. 

4.  September  1, 1835  (dnl  time),  in  Utitade  31°  JKf  S.,  and  longitude 
S3°  IS'W.,  when  a  chronometer  uiewed  17h.  46in.,  August  31,  mean 
time  at  <3Teenwich,  the  altitude  of  the  sun's  lower  limb  was  16^  ft,  and  his 
tna^^tic  azimuth  N.  69^  48'  E. ;  the  height  of  the  observer's  eye  being 
SI  feet,  and  the  index  error  —  2'  SO" :  required  the  variation  of  the 
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(  SIS ) 
ON  HADLEYS  SEXTANT. 


This  TnBtniment  is  cotutructed  on  the  astne  principles  as  the  quadnmt: 
but  as  it  is  uaed  to  meuure  the  angular  distance  between  the  moon  tnd 
tlie  sun,  R  stsr,  or  a  planet,  in  order  to  determine  the  longitude,  the  arch  ii 
extended  to  ISO  degrees,  for  the  purpose  of  measuring  their  distance  vhen 
greater  than  90  degrees:  it  is  also  provided  with  some  appendages  not  com- 
monly annexed  to  a  quadrant,  in  order  to  take  the  observations  with  greater 
accuracy ;  which  will  be  described  in  the  following  pages. 

Fig.  I.  Plate  IX.  represents  a  Sextant,  the  fiwTte  M  which  is  sometimes 
made  of  ebony,  but  generally  of  brass,  or  other  hard  metaL  The  arch  aa 
is,  oo  the  common  instruments,  made  of  ivory,  and  divided  into  ISO  d^;rees 
each  duiee  into  S  parts,  of  course  equal  to  SO  minutes,  which  is  agiin 
subdivided  by  the  noniuB  into  half-minutes,  or  SO  seconds,  each  second- 
division,  or  minute,  on  the  nonius,  being  cut  longer  than  the  intermedtatc 
ones.  The  nonius  is  numbered  at  every  fifth  of  these  longer  divisions,  Irom 
the  right  towards  the  lef^  with  5, 10, 15,  and  SO;  the  first  division  towaidi 
the  ri^t-hand,  marked  0,  being  called  the  index  diciaion. 

But  the  best  sextants,  which  have  metal  arched,  ue  usually  divided  to 
quarts  roinutcs ;  in  which  case  the  d^pves  on  the  arch  are  divided  into  4 
equal  parts,  or  15  minutes ;  and  the  minutes  on  the  nonius  into  the  lilit 
numb^,  each  equal  to  15  seconds. 

On  some  sextants  the  devrees  are  divided  into  six  equal  parts,  each  repre- 
senting 10  minutes ;  and  ue  minutes  on  the  nonius  also  mto  six  parts,  or 
10  seconds  each.  The  nonius  is  sometimes  pUced  above,  and  sometimes 
below  the  arch. 

Figuie.S  represents  part  of  the  arch  of  a  sextant,  the  degrees  of  vhi^ 
are  divid^  into  4  equal  parts,  and  the  minutes  of  ^e  nonius  scale  into  the 
like  number.  In  this  figure  the  index  division,  or  0  of  the  nonius,  wbii^ 
is  placed  above  the  arch,  stands  between  S5°  15'  and  S5°  30*  on  the  aTcb: 
and  thatdivicdon  of  the  nonius  exactly  coinciding  with  one  on  the  arch,  it 
the  seocmd,  <»■  30"  to  the  left  of  7  minutes,  or  7'  30",  therefore  the  whcJe 
extent  between  the  index  division  and  the  0  on  the  arch  is  26°  9^  30". 

Again,  in  figure  9,  where  the  nonius  is  below  the  arch,  the  0  on  tbe 
nonius  is  somewhat  more  than  three  di^iuons,  or  30',  to  the  left  of  5^;  tsA 
the  division  on  tbe  nonius,  coinciding  with  one  on  the  arch,  is  5',  therefore 
the  an^e  pointed  oat  by  the  index  division  is  66°  35'. 

When  Ok  index  division  is  to  the  right  of  0  in  the  arch,  or  as  it  is  called 
on  the  arck  of  aecesa,  the  divisions  are  to  be  counted  from  left  to  right. 
both  on  the  aroi  and  on  the  nonius ;  thus,  suppose  on  an  instrument  £v](ted 
as  in  figure  8,  the 0  on  the  nonius  was  rather  more  than  three divisionsto 
the  right  of  0  on  the  arch,  and  that  the  third  long  division  <Ht  the  oomiK 
(repreetating  minutes)  from  the  left,  marked  16,  coincided  exactly  widi « 
divisitm  on  the  ardi,  then  the  whole  arch  woidd  be,46  minutes,  that  it 
45  minutes  on  the  irch  of  excess,  and  S  minutes  on  the  nonius. ' 
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Or  if  the  0  on  the  nonius  of  a  sextant,  diTidetl  as  in  figure  9,  vere  placed 
betveeo  the  third  and  fourth  divisions  to  the  right  of  0  on  the  arch,  and 
the  fifth  subdivision  on  the  nonius,  cotinting  to  the  right  from  that  marked 
10,  coincided  with  one  on  the  arch,  the  whole  arch  would  be  30  minutes 
and  50  second§- 

In  oTder  to  observe  with  accuracy,  and  make  the  bnages  come  predeely 
in  contact,  an  a^usting,  or  tangent  screw  b,  is  added  to  the  index,  oj 
which  it  may  be  moved  with  greater  regularity  than  it  can  be  by  hand ';  bQt 
it  must  be  observed,  this  screw  does  not  act  until  the  index  is  fixed  by  the 
clamp  or  finger  screw  c,  placed  at  the  back  of  the  sextant  Care  should 
be  taken  not  to  force  the  tangent  screw  when  it  arrives  at  either  extremity 
of  iw  arch.  When  the  index  is  to  be  moved  any  considerable  quantity,  the 
screw  c  must  be  loosened ;  but  when  the  index  is  brought  nearly  to  the 
division  required,  this  back  screw  should  be  tightened,  and  then  the  index 
be  moved  gradually  by  the  tangent  screw. 

Four  shades,  or  coloured  glasses,  are  placed  at  n,  between  the  index  and 
borizoo-gksses,  each  of  which  is  set  in  a  Afferent  frame,  turning  on  a  centre : 
they  are  used  to  screen  the  eye  from  the  brightness  of  the  reflected  sdai 
image,  and  the  glare  of  the  moon,  and  may  be  used  separately,  or  together, 
as  occasion  requires. 

Three  more  such  glasses  are  placed  behind  the  horizon-glass  at  E,  to 
we^en  the  rttys  of  the  sun  or  moon,  when  they  are  viewed  durectly  through 
the  horicon-glasa.  The  pale  glass  is  sometimes  used  in  observing  aldtudea 
at  sea,  to  take  off  the  strong  glare  of  the  horizon. 

The  sextant  is  generally  furnished  with  a  plane  tube  (Fig.  S)  without 
any  glasses ;  and  to  render  the  objects  still  more  lUarinct,  it  has  likewise 
two  telescopes,  one  representing  the  objects  erect,  or  in  their  natural 
position  (Fig-  4) ;  the  other,  a  longer  one  (Fig.  S),  which  shews  the  abiectt 
inverted;  -but  the  latter  has  a  laiger  field  of  view,  and  a  greater  magniiyin{{ 
power,  with  other  advantages :  a  little  use  will  soon  accustom  the  observer 
to  the  inverted  position,  and  the  instrument  will  be  as  readily  managed  by 
it,  as  the  plane  tube  alone.  By  a  telescope  the  contact  of  the  images  is  raorer 
perfectly  distinguished ;  and  by  the  place  of  the  images  in  the  field  of  the 
telescDjpe,  it  is  easy  to  perceive  whether  the  sextant  is  held  in  the  propet 
plane  for  observation.  By  sliding  the  tube  that  contains  the  ey&^lasses  in 
the  inside  of  the  odier  tube,  the  object  is  suited  to  different  eyes,  and  made 
to  sppear  perfectly  distinct  and  well  defined. 

The  telescope  is  to  be  screwed  into  a  circular  ring  at  k  :  this  ring  resta 
on  two  points,  against  an  exterior  ring,  and  is  h^  ttiereto  by  two  screws ; 
by  turning  one,  and  tightening  the  other,  the  axis  of  the  tdMcope  may  be 
cet  paraltei  to  ^e  plane  of  the  sextant,  as  already  directed.  'liie  exterior 
rif^  is  jGzed  on  a  brass  stem  that  slides  into  a  socket ;  and  by  means  of  the 
«Ciew*  at  the  back  of  the  sextant,  it  may  be  raised  or  lowered,  so  as  to  move 
tbe  centre  of  the  telescope  to  point  to  tnat  part  of  the  horizon-glass  which 
sboll  be  judged  the  most  fit  for  observation. 

A  cirJulac  head,  with  ndoured  glasses  (Fig.  7),  sometimes  accompanied 
the  sextant,  and  is  to  be  screwed  on  the  eye-end  of  the  tabe,  or  on  tnat  of 
either  telesctqpe.  The  glasses  arc  contained  in  a  circular  plate,  which  has 
Ff 
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four  lwl«|;  three  of  these  are  fitted  with  coloured  glisera,  Uie  &iuA  it 
open.  By  prcsiing  the  finger  agunst  the  projecting  edge  of  this  circular 
plxte,  and  turning  it  round,  the  open  hole,  or  any  of  the  coloured  ^anes, 
may  be  brought  between  the  eye-glass  of  the  telescope  and  the  eye. 

To  these  appendages  are  added  a  small  screw-driver,  to  adjust  the  acrewa; 
a  magnifying-glass  (Fig.  6),  to  read  off  the  obscrratioii  with  gmur 
accuracy ;  and  a  microscope  (Fig.  5),  for  (he  same  purpose,  made  to  fit 
into  a  tube  fixed  at  the  lower  end  of  the  index. 

ADJUSTMENTS  OF  THE  SEXTANT. 

To  adjust  a  sextant  is  to  set  the  index  and  horizon-glasses  perpcodicular 
to  the  plane  of  the  instrument,  and  their  planes  parallel  to  each  other  when 
the  index-division  is  at  0  on  the  arch  ;  also,  to  set  the  aus  of  the  telescope 
parallel  to  the  plane  of  the  instrument:  each  of  these  particulars  must 
be  examined  before  an  observation  is  taken,  and  the  adjustments,  if  requi- 
site, made  according  to  the  following  directions. 

I.  To  get  the  Index-Glast  perpendicular  to  the  Plane  of  the  Seitajii. 
More  the  index  forward  to  about  60  degrees;  then,  holding  the  is- 
stniment  horixontally,  with  the  limb  from  the  observer,  look  oblkiuely 
down  the  index-glass,  and  see  if  the  reflected  and  the  true  arches  appear 
to  be  in  the  same  plane ;  if  they  are,  the  glass  is  adjusted;  othenriae,  it  is 
to  be  rectified  by  the  screws  behind  the  glass,  as  directed  for  the  quadraAt, 
page  176. 

II.  To  set  the  Hor'txon-Glaas  perpendicular  to  the  Plane  of  the  Seartofd. 

Screw  on  the  plane  tube,  or  the  common  telescope,  and,  holding  Ae 
sextant  horisontally,  observe  if  the  refleeled  and  true  horisons  appear  ia 
the  same  strait  line ;  if  they  do,  the  glass  is  adjusted ;  otherwise,  tarn 
the  screw  at  the  back  of  the  instrument  till  they  perfectly  cinocide.  TUt 
adjustment  may  also  be  made  by  directing  the  telescope  to  the  sun,  mocHi, 
or  a  star,  in  which  case  make  the  index-division,  or  0  on  the  nonius,  coincide 
with  0  on  the  arch ;  then,  holding  the  instrument  perpendicularly  to  the 
hoiiion,  direct  the  telescope  to  the  object ;  if  the  reflected  image  be  to 
the  right  or  left  of  the  direct  object,  turn  the  screw  under  the^orison- 
glass  till  they  coincide  with  each  other,  when  the  glass  will  be  perpendi- 
cular to  the  plane  of  the  instrument.  If  the  adjustment  be  made  by 
a  star,  move  the  index  backwards  and  forwards  slowly,  and  observe  if 
the  reflected  image,  in  passing  tlie  star,  coincide  with  it ;  if  it  does  not, 
the  glass  is  to  be  adjusted  by  the  screw,  as  before. 

Horiaon-glasses  are  fitted  up  in  various  ways,  to  admit  of  this  adjust- 
ment. In  some  sexunts  a  screw,  connected  with  the  brass  frame  of  the 
horison-gUas,  which  moves  on  two  points,  is  placed  bdund,  over  wbidi 
a  brass  cap  is  screwed,  to  secure  it  from  acc^ents ;  in  others,  a  sinaH 
screw  is  placed  at  the  top  of  the  frame,  and  is  moved  by  a  steel  lever 
pin :  by  means  of  these  screws  the  horiton-glass  is  set  perpendicular  tn 
the  plane  of  the  instrument. 
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When  <big  or  tbe  foUtrwit^  adjustment  i«  made  t^  observiuE  the  stmt 
the  inverting  telescope  \»  slwava  to  be  used,  and  one  or  more  of  £e  shades, 
bodi  before  and  behind  the  horizoR-gloss,  are  to  be  turned  up,  in  order 
to  screen  the  eye  fW)m  die  bright  solar  rgyg  proceeding  from  the  direct  and 
reflected  buhb  :  wfakh  ore  to  be  made,  by  means  of  the  diadea,  to  appear  as 
■eariy  as  possible  of  the  same  degree  of  brightness. 

III.   To  set  the  Horixon-Glast  parallet  to  the  Index-Glaee,  wfionihe 
Index  DiviMon  is  at  H  on  the  Arch. 

Make  the  index  division  of  the  nonius  coindde  exactly  with  0  on  the 
stcfa ;  and,  in  order  to  make  the  coinddence  as  perfect  as  possible,  examine 
them  through  the  magnifying  glass,  or  microscope,  and  fix  the  index  by 
die  damp  under  it ;  screw  on  the  telescope,  and  turn  the  screw  l,  at  the 
back  of  the  instrument,  tiU  the  line  which  separates  the  transparent  and 
ajlvered  parts  of  the  horiion-glass,  bisect  the  6eld  of  the  telescope.  Having 
done  this,  hold  the  sextant  perpendicularly,  and  direct  the  si^ht  through 
the  telescope  to  the  horizon  ;  then,  if  the  reflected  and  true  honzons  do  no^ 
cmndde,  turn  the  tangent  screw  at  the  back  of  the  horizon-glass  till  they 
be  made  to  appear  in  the  same  strait  line :  then  will  the  planes  of  the 
hoiixon'and  nidex-glasses  be  paralleL 

This  adjustment,  in  some  instruments,  is  made  by  means  of  two  screws 
placed  near  die  horizon-glass,  which  act  against  each  other  in  turning  the 
fnune  round  its  axis :  these  screws  are  moved  by  a  steel  lever-pin,  put  into 
one  of  the  holes  made  through  the  head  of  the  screw :  and  in  making  the 
a<^UBtment  by  these  screws,  care  must  be  taken,  that  when  one  is  slackened, 
the  other  must  be  tightened,  in  order  that  they  mav  sufficiently  press 
agunst  each  other,  and  prevent  the  horizon-glass  nom  altering  its  position, 
imen  the  direct  and  reflected  horizons  are  made  to  coindde.  But  although 
the  adjustment  made  by^  these  screws  is  not  bo  liable  to  alter  as  when  made 
t^  a  tangent  screw,  it  is  recommended  not  to  depend  on  this  adjustment, 
bat  rather  to  find  the  index  error ;  and  indeed  this  becomes  absohitely 
necessary  when  the  horison-glass  is  so  constructed  as  not  to  admit  of  the 
adjustment,  vbich  is  the  case  with  most  modem  instrumeats. 

Tojind  the  Index  Error. 

The  index  error  is  the  number  of  minutes  and  seconds  pointed  out  by 
the  nonius,  when  the  direct  object  and  its  reflected  image  cdncide  with 
each  other,  and  may  be  found  as  directed  in  the  adjustment  of  the  fore 
horizon-glass  of  the  Quadrant,  in  page  177;  but  witfi  greater  accuracy  by 
the  following  method : — 

Having  screwed  on  the  mverting  telescope,  adjusted  the  eye-tube  to 
distinct  vision,  and  turned  up  the  proper  shades,  place  the  0  on  the  nonius 
abont  40  minates  to  the  right  oi  0  on  the  arch,  and  tighten  the  clomp  c 
jmAa  the  index  of  the  sextuit ;  then,  holding  the  instrument  perpendicu- 
larly, bring  the  direct  and  reflected  suns  in  exact  contact  by  the  tangent 
screw,  nod  read  oif  the  minutes  and  seconds  pointed  out  by  the  nonius  on 
the  arch  of  excess,  irhich  note  down,  and  call  it  off;  next  ^acc  tiic  0  of 


thft  Boniiu  about  40  minutes  to  the  lefl  of  0  on  the  aich,  and  mike  the 
coBtMl  of  tba  Mo  aunt  oomect,  m  above ;  read  th»  nimitn  and  teeoA 
ahevn  by  the  nonius,  which  call  on,  and  get  it  under  the  first  ardi;  iba 
half  the  difTerence  of  these  two  arches  will  be  the  index  earn,  wluch  ii 
otfdUtm  to  all  angles  taken  with  the  (extant,  when  the  aidi  to  tbo  i^  of  0 
is  greater  than  the  arch  to  the  left  of  0,  and  auUracfim  when  the  eontniy. 
Tne  diiect  and  reflected  suns  will  appear  throi^b  the  ioTerted  tefacop 
thua— 


-  O 
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Suppose  the  following  observations  were  taken,  to  determine  die  inda 
srror: 

EXAMPLE  I.  BXAMPLB  n. 

Off +    31  U  Off..M»  +     Si  10 
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Iiid«a  «rnir  tf  Sf  nibltmctiTe,  beoiuM  Index  errtir  W  aMitira^  bensit  tin 

dwuoh  WthaWt,  orwuiiifnstw^baii  mrcb  toUe  rvbciw  ^,  n  pwuathia 

the  kicb  to  tba  right  of  0.  tbe  arch  ta  the  IcTt  of  0. 

To  prove  that  the  coptacu  were  made  correctly,  add  tbe  arches  H'it'tKti 
and  divide  their  stun  by  4> ;  the  quotient  should  than  be  equal  to  (he  m* 
aemidiameter,  as  given  in  Page  II.  of  the  given  wojith  in  the  Nvtfiw 
Almanac  :  Thus,  suppose  the  observattoDS  in  Example  I.  were  mide  M 
February  ISth,  183S :  liere  the  sum  of  the  arches  is  6^  45",  the  fourth  put 
of  which  is  16'  11",  agreeing  nearly  with  the  sun's  seniidiameter  (1&  13") 
as  pven  on  that  day  in  the  Nautical  Almanac  ;  it  may  therefore  be  pre- 
sumed that  the  contacts  were  correctly  made. 

Bat  if  the  albttide  of  the  sun  should  be  less  than  about  !eO°  at  tbe  timt  rf 
taking  the  above  observalions,  the  sun's  horixontal,  instead  of  die  perpeio- 
cular,  diameter  should  be  measured ;  for  as  refraction  afiects  the  lower  lia>'> 
more  than  the  upper,  it  occasions  the  perpendicular  diameter  to  be  kss  thu 
the  hohsontd^  which  is  that  given  in  the  Nautical  Almanac :  in  this  cu^ 
the  sextant  u  to  be  held  horizontally,  with  the  face  upwards,  and  ok 
reflected  stm  brought  into  contact  alternately  with  the  right  and  left  lio'* 
of  the  direct  sun,  as  before  explained ;  the  contacts  will  then  appear  thai— 
Direst  roiu  Pinet  tun.    Refauad  nib 
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t\.    'I\>  Mt  ike  J»i»  <^  tMe  Tdneope  paimlM  ia  th«  Pkmg 

'    of  the  Sextant. 

Itt  nuMUiuig  Migular  diaUnces,  the  line  of  ogbti  or  HWnf  the  t^MCQpe, 
riimild  be  pw^el  to  the  plane  of  theuutnimant,  ss  a  devjatioti  in  tnat 
n*peet  toxj  oacauoR  if  considerable  error  iq  th«  obl«rvBtjo«,  '«nd  this  is 
most  sensible  in  large  angles;  to  avoid  which,  a  telescope  is  made  use  of,  in 
irhoac  field  there  ue  placed  two  wires  parallel  to  each  otnw,  and  eqiudi«tant 
enerally  added  '  ■  ■  •     - 


fenn  the  centre,  to  which  are  geoerally  added  two  others  at  right  angles  to 
these,  and  parallel  to  each  other.  By  means  of  these  wires,  the  adjustment 
may  be  made  thus :  screw  on  the  telescope,  and  turn  the  tube  containing 
die  eyeglass  dlJ  two  of  the  wires  are  parallel  to  the  plane  of  the  instrument; 
then  take  two  objects,  as  the  sun  and  moon,  or  the  moon  and  a  star,  or  two 
stars,  whose  angular  distance  must  not  be  less  than  90  degrees,  because  the 
error  is  more  easily  discovered  when  the  distance  is  great :  bring  them  ex- 
actly into  contact  at  the  wire  which  is  nearest  the  plane  of  the  sextant,  and 
fix  die  index;  then,  by  altering  a  little  the  position  of  the  instrument, 
make  the  objects  appear  on  the  other  wire.  If  the  contact  still  remain 
perfect,  the  axis  of  the  t^lescop^  is  in  its  right  situatien ;  but  if  die  limbs  of 
the  two  objecM  appev  to  separate  at  the  wire  that  is  farthest  froto  the 
plgne  of  the  instrument,  it  shews  that  the  object^nd  of  the  telescope 
inclines  towards  the  plane  of  the  instrument,  which  must  be  rectified  by 
tightening  the  eciew  nearest  the  sextant,  which  is  attached  to  the  ring  that 
holds  the  tf^escope,  having  previously  slackened  the  screw  farthest  from  it. 
1£  the  images  overlap  each  other  at  the  wire  farthest  from  tb&  aextaat,  the 
(^ect-end  of  die  telescope  is  inclined  tram  the  plane  of  the  sextant,  and 
the  highest  screw  must  be  turned  towards  the  right,  and  the  lowest  towards 
the  let^  Py  repeating  this  obs^rration  a  few  times,  the  contact  will  be 
predsely  the  same  at  both  wires,  and  coqsequendy  die  axis  of  the  telescope 
will  be  parallel  to  the  plane  of  the  instrument. 

USE  OF  THE  SEXTANT. 

To  obttrve  the  angular  Diatanoe  between  the  Moon  and  the  Snn. 

Tom  up  one  or  more  of  the  shades  before  the  hoiixon^^aM,  accQidiDg 
to  the  briffntness  of  the  sun,  and  set  the  index  diviuon  to  0  on  the  arch ; 
iixx^,  hol£ng  the  plane  of  the  sextant  so  as  to  pass  through  the  two  oluects, 
with  its  face  upwanls,  when  the  sun  is  to  the  right-hand  of  the  moon,  or  down- 
wards, when  tbeauB  is  to  the  left  (see  Diagrams  in  the  following  pue),  direct 
the  nsfat  throa^  the  rias  x  and  the  horiion-glass,t0  the  moon^winont  using 
the  telesct^e,  and  move  the  index  forward  mttil  the  bod'k  imoae  cont  neatly 
in  nmtapt  with  the  moon's  nearest  limb ;  then  fix  the  ind^x  oy  tbe  aerew  o 
under  the  sexUnt.  Now  screw  on  die  inver^sig  teleseope,  adjusted  to 
disdnct  vision,  placing  two  of  the  wires  parallel  to  the  plane  of  the  instru- 
ment, and  rusiug  the  telescope,  by  th^  screw  l,  to  the  transparent  part  of 
the  horimn-glass;  then,  directing  the  sight  through  the  telescope  to  the 
moon,  holding  the  sextant  as  before  directed,  make  the  contact  p^ect  by 


Ctt  OV  HADL«t'»  SKXTAWT; 

■MAW  of  the  t«n«nt  icrew  b  ;  »t  the  snne  tiine  mtmng  tbe  sextant  AMf 
nund  tbe  uk  of  ibe  teloKope,  by  wbioh  meraa  the  sun  will  appm  to  ptM 
by  tbe  mooo,  and  tbe  contact  be  moie  accurately  made ;  observing  mtjt, 
tnM  Uk  point  of  contact  of  the  limbs  should  be  as  sear  die  cenbre  of  the 
field  of  tne  teleacope  as  posriHe. 

The  arch  pointed  out  by  the  noniua  beinr  now  read  off,  as  before 
directed,  will  shew  the  obserred  distance  of  uie  nearest  limbs  of  die  iod 
and  moon. 

In  the  following  Diagrams,  A  B  represent  the  observed  distance  of  the 
nearest  limbs  when  the  sun  is  to  the  rignt  of  the  moon,  and  C  D  the  diitmce 
when  the  sun  ia  to  the  left  of  the  moon. 


It  will  perhaps  be  more  easy  foi  those  who  are  not  accustomed  to  lake 
observations,  to  find  the  distance  nearly,  and  setting  the  index  forvsid  u 
it,  to  look  directly  towards  the  moon,  holding  the  instrument  as  bdon; 
the  sun  will  then  appear  nearly  in  contact  with  it,  and  ia  to  be  made  perfect 
by  the  method  above  mentioned.  In  the  Nautical  Almanac,  the  disUacei 
or  the  sun  and  moon  are  set  down  for  the  beginning  of  every  third  hour  c( 
time  at  Greenwich,  on  such  days  as  the  moon  is  not  less  than  35  de^reot 
nor  more  than  125  degrees  from  the  sun,  and  may  be  found  for  any  inter- 
mediate time  by  proportion.  From  these  distances  you  may  compute  rou^l^ 
their  distance  at  the  time  of  observation,  thus :  calculate  rougnly  the  tiiH 
at  Greenwich,  wlien  the  observation  is  to  be  taken,  as  directed  in  Page  155: 
then  find  by  the  Ephemeris  the  distance  nearly  at  that  droe,  from  «bidi 
subtract  SO  minutes,  the  sum  of  the  semidtamcters,  and  the  remainder  «iU 
give  the  distance  of  their  nearest  limbs  at  the  time  of  observation. 

It  will  save  some  trouble,  and  serve  the  purpose  of  finding  the  reflected 
imMfge  t^tbe  sun  or  moon  in  the  horizon -glass,  if  you  only  set  the  iDdeits 
the  Goitral  distance,  as  set  down  in  the  Almanac  for  the  nearest  third  hour, 
without  correcting  it  to  the  intermediate  time  by  a  rough  computation. 

7^  (Aterve  the  Distance  between  the  Moon  and  a  Star  or  Planet. 

■  Turn  trp  one  of  the  lightest  screens  before  the  hrmion^lass,  and,  wifr 
nut  the  telescope,  direct  the  sight  through  the  ring  k,  and  the  horiion-^sA 
to  the  star ;  holding  tbe  sextant  in  such  a  direction  that  if  its  plane  be  eetn 
et^ewise,  it  may  appear  to  pass  through  the  moon  and  the  star,  withiOf'iK 
upwards  or  downwards,  according  ss  the  st  r  is  to  the  kfl  or  right  of  the 
moon;  then  move  the  index  forward,  un:il  the  reflected  image  of  the  mciW 
be  seen  near  to  the  star.  Now  screw  on  the  inverting  telescope,  and  iJ^'o^ 
it  as  before  directed  ;  bring  tbe  enUgJttened  edge  of  the  motm  into  <W^ 
with  the  star,  by  means  of  tlie  tanjicnt  screw,  at  the  same  time  movinf^  w 

t;oo;;lc 


ON  THE  ASTIFICIAL  HOKIZON. 


asch  of  the  eextuit  sk>vly  up  and  down,  by  which  motuut  tbe  enlh^bttned 
Uub  of  th«  moon  will  appear  to  pass  the  star,  and  the  contact  be  mora 
accurately  made,  which  should  always  be  as  nearly  as  possible  to  tfaec^tre 
of  the  field  of  tJis  telescope.  The  arch  being  then  read  off,  will  give  the 
observed  distance  between  the  star  and  the  moon's  enlightened  limb. 

In  the  following  Figure,  AB  represent  the  distance  of  the  star  at  A  from 
the  moon's  nearest  limb  at  B,  and  B  C  the  distance  of  the  moon's  furthest 
limb  from  the  star  at  C. 

U --(b <       - 

If  the  distance  between  the  tnoon  and  one  of  the  stars  set  down  in  the 
Almanac,  for  findinc  the  longitude,  is  to  be  observed,  their  distance  may 
be  roughly  calculatca,  as  before  directed,  to  which  set  the  index ;  then  look 
through  the  telescope,  and  direct  the  sight  to  the  star;  which  is  generallya 
blight  one,  and  lies  in  a  line  nearly  perpendicular  to  the  horns  ofthe  moon, 
either  to  the  eastward  or  westward,  as  denoted  in  the  Almanac^  and,  holding 
tbe  sextant  in  the  plane  of  the  two  objects,  give  it  a  slow  motion  round  the 
axis  of  the  telescope,  and  if  the  moon's  image  come  into  the  field  of  die 
telescope,  it  is  a  proof  you  have  taken  the  right  star,  as  no  other  in  that 
direction  will  correspond  to  it  in  distance. 

In  this  manner  the  dbtance  of  the  moon  from  a  planet  is  to  be  observed ; 
but  the  moon's  enlightened  limb  is  always  to  be  brought  over  to  the  centre 
of  tbe  planet.* 


ON  THE  ARTIFICIAL  HORIZON. 


When  altitudes  are  to  be  taken  on  shore  with  a  sextant,  where  the 
observer  has  not  the  advantage  of  the  sea  horizon,  he  is  obliged  to  iutn, 
recourse  to  an  ardficial  horizon,  which  is  a  horizontal  plane  with  a  smooth 
or  polished  surface,  on  which  the  rays  of  the  sun,  or  other  object,  faUti^, 
are  reflected  back  to  an  eye  placed  in  a  proper  position  to  receive  them  : 
the  angle  between  the  real  and  reflected  objects  being  then  measured  with 
a  sextant,  will  be  double  the  altitude  above  the  horizontal  plane. 

Such  a  horiiontal  plane  may  be  obtuned  by  pouring  a  quantity  of  oil, 
tar,  treacle,  or  other  fluid  and  viscous  substance,  into  a  snallow  vessel ;  and, 
to  prevent  the  wind  giving  a  bcmulous  motion  to  its  surface,  a  piece  of 
tUn  gauze,  muslin,  or  plate-glass,  whose  surface  is  perfectly  plane  and 
parallel,  may  be  jdaced  over  it  when  used  for  observation. 

*  A  ilv  i*  ■  new  luniinoua  point,  having  no  ■euiihle  diamecer ;  but  chat  of  a  planet 
amounn  tn  a  lev  Mcondt.  If  the  diitanM  be  taken  ai  directed  ^ove,  the  neceuiiyoC 
allaviai;  fi"  the  planet's  semidiamiter  will  b«  avoided  in  clearing  the  dlHaeee. 


S9«  SN  THU  ARTlFrclAL  HORIZOT. 

An  ntifitwd  borison  aomertniw  coniJHlB  of  »  piMe  ipteidWfl,  lixd  ii  t 
hnm  fnm9,  lUnding  upon  three  c^justing  screwv,  by  vhkh  tti  turto 
may  be  made  hoiuontol  *idi  the  usbttnce  ot  a  spiritievel  placed  ob  ib 
wintce  In  variods  poritioiu ;  observiog  that  Uie  wrews  be  tnnwd  w& 
the  Btt-bnbble  alvaya  reita  in  the  midme  of  the  tube.  The  under  mrficc 
of  ih«  ^te  of  glass  i«  sometimes  unpoUshed  and  blackened,  m  that  ttx 
image  sf  ihe  ran  can  only  be  reflected  from  the  upper  surface,  which  dionU 
be  carefully  polished,  and  a  perfect  plane :  by  this  means  fbe  erron  tliil 
mi^t  arise  nom  a  defect  of  parallelism  in  the  two  surfiuea  are  avcoded. 

But  the  beat  and  most  approved  kinds  of  artificial  horiirais  sie  (bw 
produced  by  quicksilver,  which  being  poured  into  a  small  wooden  tm^ 
will  always,  agreeably  to  the  nature  of  fluids,  preserve  an  exact  borinmiil 
plane  at  its  surface  :  over  this  ia  placed  a  roof,  to  protect  the  quicUhct 
irom  the  action  of  the  wind ;  in  which  are  fixed  two  plates  of  glaM,  the 
two  sides  of  each  being  ground  perfectly  plane  and  parallel.  Tboe  m 
usually  packed  in  a  mahogany  box,  with  a  vessel  containing  a  quanti^  d 
qmcksilver,  ready  for  use  when  wanted. 

When  one  of  these  instruments  is  used,  the  observer  is  to  place  hiudf 
at  a  convenient  distance,  for  instance,  two  or  three  feet,  in  mtii  diteclin 
as  that  he  may  see  the  object  reflected  from  the  artificial  horixon,  u  nS  n 
the  real  object ;  then,  having  screwed  on  the  telescope  <£  the  stxtant,  at 
turned  down  the  dark  glasses  before  and  behind  the  boriion-glaM,  tk 
upper  or  lower  limb  of  the  sun's  image,  reflected  from  the  indefc-glfl). 
is  to  be  brought  into  contact  with  the  opposite  limb  of  the  imt^  rdKcltd 
from  Ihe  artificial  horison,  observing  that  when  the  inverted  telescope  '» 
used,  the  upper  limb  will  appear  as  the  lower,  and  vice  cersd*:  theao^ 
on  the  instrument  being  then  read  off,  and  the  index  error  applied  to  it,  nl 
give  double  the  altitude  of  the  Umb  above  the  horizontfd  phine ;  to  the  hiV 
of  which,  if  the  refraction,  parallax,  and  semidiameter  be  applied,  it 
result  will  be  the  true  altitude  of  the  centre. 

Example.  Suppose,  August  12,  1835,  the  observed  angle  betweo 
the  lower  limb  of  the  sun,  reflected  firom  the  index-glass  of  tiie  sextut, 
and  the  mper  limb  reflected  from  the  artiflcial  horixon,  tohe  99^  iB'iO', 
the  index  error  of  the  sextant  bemg  S'  9Xy  to  add :  required  the  tne 
altitude  of  the  sun's  centre. 


Obwrvad  u^^... 


True  altituda  of  n 


*  It  wfl]  perbspt  be  mow  m*j  to  tb«  dbterrtr,  tf  be  flnt  brlbg  tbe  Imign  rf  I^^ 
nMrif  tew  ooBtMt  by  tbe  nahsd  •;«,  and  sftMrwiril  MTCw  on  lk«  Wlwwye,  tal  ait  W 
cQDtact  pwftst  br  «ka  tugHit^irtv. 
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ON  FIMDIMO  THE  LOHSlTUDiK.  RV  OB8SB.VATIOH.  S^. 

Ilib  iUlowing  diagram  will  iUustnte  the Btetlwd  of  <Atmrriag:iil9t9ifi' 
widf  «a  trtiScUl  lutnzoB :  ,         ^.,.   . 

L«t  A  B  xefgetent  tlie.  suft^ 
f«ce  c^  the  quickailTer,  contaiiKd 
ia  a  wooden  trough,  whose  pdane , 
is  continued  to  C ;  D  E  F,  th» 
roof,  in  which  are  fixed  two  plauw . 
of  glass,  D  E  and  £  F,  whose: 
surtacee  are  pUne  and  pualkj  to 
eac^  other ;  and  O  the  sun  at  S., 
whose  altitude  is  required.  Now 
the  rav  S  H,  proceeding  from  the 
sun's  lower  limb  to  the  sur&ce  of 
the  quidceilver,  will  be  reflected 
thence  to  the  eye,  in  the  directum 
H  6,  and  the  upper  limb  of  the 
flun's  image,  reflected  from  the  owcksilTer,  will  appear  in  the  line  G  H, 
oantinned  to  R ;  and  it  ia  a  weU-known  principle  m  catoptrics,  that  the 
SD^  <^  incidence  S  HA  or  SHC,  bequal  to  the  angle  of  reflection  GH  B ; 
and  as  the  angle  AHRorCHRis  verdcal,  or  opposite  to  the  angle  G  H  B, 
it  is  therefore  equal  to  it,  and  to  the  angle  SHC:  consequently  the 
ai^Ie  S  H  R  is  double  the  angle  SHC,  the  altitude  of  the  sun's  lower 
limb  above  the  horizontal  plane ;  bo  that  if  we  suppose  the  an^e  S  H  R, 
neaaured  by  a  sextant,  to  be  70°,  the  altitude  of  the  sun's  lower  Iknb  will 

In  thecvy,  the  eye  of  the  observer  should  be  placed  at  the  "ig"!"  point 
H ;  but  as  a  ray  I G,  proceeding  from  so  distant  an  object  as  the  sun  to 
die  eye  at  6,  may  be  considered  as  parallel  to  the  ray  S  H,  the  measured 
ai^e  I  G  H  will  be  equal  to  the  angle  S  H  R. 


ON  FINDING  THE 

LONGITUDE  BY  OBSERVATION. 


Vabioits  methods  have  been  proposed  for  determining  the  longitude 
of  •  place,  bnt  almost  all  of  them  depend  upon  one  general  principle,  vix, 
the  comparison  of  Uie  relative  limes  under  two  different  meridians ;  so  that 
if  the  time  under  a  given  meridian  be  known,  and  also  the  time  under  any 
other  meridian,  the  cufieience  of  these  dmes,  turned  into  degrees  and  minutes, 
in  the  proportion  of  15  d^rees  to  1  hour,  will  be  the  difleicoce  of  lon^tude 
between  tae  two  meridians.  For  as  the  sun  apparently  moves  round  the 
earth,  from  east  to  west,  in  S4  hours,  or  over  an  arch  of  IS  degrees  of  the 
eonator  in  1  hour  of  time,  all  places  lying  to  the  eastward  of  any  meridian, 
wQl  have  noon  sooner,  or  if  to  the  westward,  later,  by  as  nmch  time  as  the 
mo  tokee  to.paas  from  the  meridian  of  one  place  to  the  meridian  of  the 
other  r  heaoe,  if  the  time  at  the  moidiaa  of  Greenwich  (&om  vhetux  the 
kxigitude  u  reckoned),  and  of  any  other  place,  at  the  bomb  raoncat  -«f 


ihMtau  ttnte,  be  gireo,  its  looptude  fron  Gneawidb  nuqr  be  a&ntd^ 
ndttdiig  the  diKmue  of  the  tines  into  dogiees  and  minutes,  in  ibe  jm- 
{Mttioii  «f  10  degiMt  of  loBgitude  to  I  bour  of  time :  moieovcr,  if  ibc  tiac 
M  die  (dicfl  be  gww  than  that  at  Greenvich,  its  longitude  wiU  be ««(, 
feat  if  lata,  it  wjB  ba  waat.  Tbua,  auppose  it  ii  aacettauMd  tbat  die  tiiH 
M  Greeninch  isS  hounpaatnoon  -wbta  it  iajiut  »oon  at  theahip;  itiQ 
Ibeace  imMar  tbat  tfa«  kmgitude  of  the  ship  i»  SOP  vest  o(  tbe  meridiu  of 
Gnenwicn,  because  the  sun  passes  over  S0°  of  tbe  equator  in  i  boon  tl 
latMf  and  baling  left  die  metidian  of  Greenwich  S  hours  sbcc,  tbe  d^ 
BMUt  consequently  be  to  die  westward  of  that  moridiao.  If  we  iuppoK  m 
tune  at  tbe  Aap  to  be  2  houn  past  noon  when  it  is  noiHi  at  Green^,  Iki 
longitude  would  be  S0°  east  of  the  meridian  of  Greenwich ;  for  the  nn  ■ 
this  case  wouU  bare  passed  the  meridian  of  the  ship  %  houn  bc&iek 
passed  that  of  Greenwich. 

Now  tbe  time  at  any  ^ven  meridian  may  be  easily  computed  b;  a 
attitude  of  the  sun  or  other  cdettial  object,  taken  when  disUnt  from  6i 
meridian,  or  frmn  obaemtioiia  of  tbe  sun  when  at  equal  altitudes ;  and  tk 
tame  at  Greenwich  may  be  ascertained  by  means  o£  a  cbronomelei^  «  b^ 
various  sstronomical  observations.  With  respect  to  tbe  first  of  these,  itH 
obriousthat  if  a  clock  or  watch  could  besoconstructedaatogounifoDBija 
all  sesasm,  and  at  all  places,  such  a  machine  bdng  once  set  to  mess  time  K 
Greenwich,  would  always  shew  the  mean  time  at  Uat  meridian,  on  whitetti 
part  of  tbe  earth  it  mvbt  be;  and  therefore,  if  the  mean  time  under  inj  o^ 
meridian  were  found,  and  compared  with  that  shewn  by  the  chronoinM, 
the  lonntude  of  the  place  from  Greenwich  would  be  readily  obtained.  T» 
effect  this  purpose,  several  ingenious  artists  have  exerted  their  aUlilieii  ii^ 
have  brought  chtcooneters  to  an  astoniBhisg  d^ree  of  perfection,  wbentf 
they  have  Mcome  a  valuable  acqXiisidon  to  the  navigator,  in  deteniuif 
tbe  difference  of  longitude  made  in  short  periods :  however,  cmadsnif 
tbe  delicacy  of  their  construction,  and  tbe  various  accidents  to  wluch  ik; 
aie  liftUe,  an  implicit  confidence  ought  not  to  be  placed  on  tbem  alone,  ^- 
ticularly  in  loiu  voyages ;  but  reo*urse  diould  be  bad  to  aslnorai» 
observations,  whenever  miportunities  present  themselves. 

The  various  -astionaeucal  methods  of  determining  ^e  ItmgUvde  dqw 
Ukemse  upoo  the  above-mentioned  general  ptinciplei  for,  by  obsovisg  die 
(fane  M  die  meridian  of  a  given  place  when  any  celestial  uipearance  b^^ 
and  comparing  the  same  with  the  time  at  Greenwioi,  aa- shewn  ^w 
Nautical  Almanac*,  theii  difference,  reduced  to  degrees  and  minutes,  gig  I 

'  Ths  Nautical  AIiubiuo  wm  origlnsllr  propDud  by  the  lum  Dr,  Haiketjnti  Atumitf 

XandthefintpubUthed  wufor  tbcyeBT  17KI,bf  orderof  IbaCoiiimiMieaeni'l^   I 
bdu  cotuCnioted,  caleuUud,  and  prinud  nndv  tbe  fmBwdlMe  innolira  cf  1^- a> 
and  after  bb  deonM,  ocntiniMd  anniMUv,  with  addltloM,  by  Mr.  Pin^i  »•  ]«»>■  ^""' 
wnwr  Rojwl,  tOl  tbe  yMr  1833.  I 

In  1834,  tUi  mott  important  and  luefiil  Work,  w  auenilal  M  the  NaTigatn 
wMpuUl|]:iedbjordeiof  tlielJcirdiConuiiIuionerKif  thsAdmlnhf,  acomritagta 

phui.  r«OTnin»od«J  by  a  CwMPitf*  cf  the  AitiwMmlwt  aociWiri  and  Un« 

die  eBpednteadeiwi  of  UenteDwt  W.  S.  Stratford,  of  Uia  Ropi  Nary.  . 

All  the  odculatioiu  in  the  jtuw  Nautiod  Almuae  are  ut  doim  for  awai  l**^*  T* 
tneridiao  of  OreeowJcb,  excepting  thoae  tn  tagt  I.  of  each  monilt,  wUdi  an  <*'*P"*,  j 
appartnt  limt.  In  tbe  latier  put  of  the  Worit  U  given  a  dear  and  cnpfnai  BiilaaeliM  O" 
the  ankla*  eoDtaliMd  thtrdo,  irhicb  renden  any  further  explanation  We  an 


OH  FUID1N&  TUB  LOMttlTBOB  Br  OBse&VATlmt.  f(ttT 

dhetWi^Hude  of  tb«  pbne  whefedieolMerTatkm  artalam.  Sn^f*at,4Ut 
UutttBce,  tkat  M  eelipwofthe  tiiwni'8fa<nddbe:obMrrfld>t  s  ceitwii  frfHVAP 
begut  At  ndllil^^t,  and  ttutt  hj  tbe  Almanac,  the  tbae  at  Grdeovidi,  vhufi 
Hie  ecGpse  commenced,  was  3  hours  past  midnight :  now  as  the  eOmmenw- 
Hwnt  of '^e' ecKjwe  nmst  be  Men  atthe'auae  moment  of  ab«dbite  tune  in 
■D  tMits  whwe  It  iBvisiUe,  the  diffinetKe  between  tbe  time  at  tbe  jitte 
of  UK  observer  and  ifaat  of  Grsenwidi,  vUch  ia  3  houn,  and  ansiwe  to 
40  degrees,  must  be  Ae  longitude  of  the  place ;  and  it  is  evidently  west, 
because  the'timeM  ^placeiB'ksB  than  me  time  at  Greeniridi.  Upon 
the  same  pihidple  t)w«dipBes  of  Jupiter's  satdiites  inll  gire  tbe  longitudfl- 
But  ef^pses  of  the  moon  happen  too  sddom  to  be  of  use  at  sea ;  wd  tbe 
sateUitee  of  Jupiter  an  vinble  only  through  a  tf4escope  of  conndendale 
majndQriDg  powers,  which'  cannot  be  managed  on  board  a  ship. 

The  moat  practical  method  of  ascertatmng  the  time  at  Greenwich  l^ 
celesdal  observatdons  bdcen  at  sea,  is  that  of  measuring  the  ae^ular  diBtance 
between  the  moon  and  sun,  or  th*  mocn  and  certmn  stars  or  planets  neat 
Ae'eeliptic,  usually  caBed  a  btnar  obnrwMon,  botii  on  account  of  the 
qui^  modun  of  the  moon  in  ber  orbit,  and  Ae  frequent  opportunities  that 
offer  for  taktnff  such  observations ;  for  in  favourdrie  weather,  distances  may 
be  taken  at  aU  times  when  die  olijects  are  more  than  9  or  10  decrees  above 
thf  horiion,  ezcqit  abont  the  time  of  new  moon ;  and,  as  the  moon's  daily 
tnotJOn  is  about  18  degrees,  or  attiie  tate  df  1  minute  of  a  degiee  in  two 
mbnites  of  tiine,  if  her  true  ai^pilsr  distance  from  the  son,  a  star,  or  atdanet 
can  be  sscerbuned  vithin  30"  of  a  degree,  the  corresponding  time  at  Green- 
wich will  be  known  within  one  minute  of  time,  and  hence  the  longitude 
-fritltiB  15  minutes  of  a  decree. 

This  method  of  determimi^  the  loa^tude  was  proposed  many  years  ago 
br  Mr.  Jolm  Werner  and  others :  but,  from  want  of  proper  imtrumenta  to 
observe  thed)stanceB,Bndof  a  good  lunar  theory  toascertun  the  mooa'sfdace, 
H  was  laid  aside.  These  difficultieB  are,  however,  now  happily  obvialad  by 
tile  invention  and  impravements  of  Hadley's  Sextant,  and  the  accuracy  «F 
tile  new  Lunar  Tables ;  so  that  a  good  observer,  with  proper  instromenls, 
may  depend  upon  tbe  longitude  fennd  l^  this  method  witbm  a  ftnr  mmubes 
of  a  d«vree. 

To  radlitate  this  important  problem,  the  true  anguUr  distances  between 
the  centres  of  the  moon  and  the  sun,  a  fixed  star,  or  planet,*  ar6  set  down 
in  Pages  XIII.  to  XVIII.  of  each  month  m  the  Nautical  Almanao,  for 
die  be^nning  of  every  third  hour  of  Greenwich  mean  time ;  md  the  time 
•nowenng  toaay  intermediate  distance,  may  be  found  by  proportional  parts: 

*  TlieSuniuedm  disKmulical  AlmanurortheaborgpurpoiMuv,  a.<rir(if,  jffgUsrM, 
PtOuM,  Stfuitu,  Spioa  Firginu,  Aniam,  a  AquOa,  PomaOumt,  »nd  a  Pegati.     Aa  ■  knov- 


la^aiTthaHitftriuof  grMI  importanoe  ta  tha  obwrrer,  the  Anthor  hupublilfaed  >  Set  at 
Ca&iial  Maps  with  direclioni  for  uaing  them,  in  which  the  kbova  iton  are  porticalu'ljr 
poiDted  oat,  mnd  may  be  mare  readily  known  by  comparing  the  mapi  with  the  hwrena,  than 
tbm  yomiiij  on  i^y  sny  Terbal  deuription. 

Tha  PltMl*  frODi  wludi  the  moon'a  diitamei  an  computed,  >r«  Vtma,  Man,  JvfUtr,  and 
ffTfiii-ri  I  ill  Ml  diMBucci  were  fonnedy  publiahed  by  Prafeuor  SchiimatiieT,  at  Gopei^i^eDi 
bat  are  now  introduced  Into  the  new  Nautical  Almanac,  among  the  oQia  dittancea,  "hiAag 
tulralntil  nadai  th*  direeliQD  of  tbe  Profenor. 
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!«S  OK  TAXIM*  A  1.U1IAB  OltSlVATMK. 

hmee  ihfl  ilMcaM  becweto  thew  ohjveta  bea^  ttkni  vitfa  s  wxtwt  or  cade, 
and  the  oomqwnfin^  BMHi  tima  uGtcamchfimndby  AeAlnuwcid 
comiMtfed  vhb  Ae  dmu  taae  at  dw  diip,  tbetr  im^*"-*  will  be  the  \mf- 
fade  of  the  jriAce  of  obeem^oB. 

'  But  rince  the  ebaerved  distuee  ia  abr^  takm  fiom  the  nir&cB  of  tk 
earth  before  it  is  corapandvith  the  troedntaooei  in  the  Alaianac,  it  uR 
be  corrected,  in  order  to  find  what  it  would  have  been  if  obaerred  u  tk 
centre,  to  which  p<nnt  the  tme  diataacee  are  leftned ;  for,  by  the  eSecti  cS 
parallax  and  refraction,  the  moon  ia  seen  lower  than  its  trae  place,  and  ihe 
odier  objectB  higher :  hence  the  tme  ii  atmoat  alwaya  diffincnt  ban  tk 
ihserrea  distal 


ohse 

In  taking  a  lunar  obtervaiioji,  two  assntants  ahoald  be  empkTcd  *> 
obserre  the  altitudes  of  the  objects,  while  the  ^nidpal  observer  u  tikiig 
their  distance ;  also  <nie  with  a  watch,  to  mark  the  tuaes  when  the  obiem- 
tiona  were  made.  If  one  of  die  otnects  be  at  a  proper  ■iif™*  fiom  ik 
meridian,  the  lime  may  be  inferred  nom  its  altitude ;  bat  if  it  be  too  ow 
the  meridian,  a  watch  or  chronometer  will  be  absolntdy  oeoesaary,  vbat 
error  must  be  found  by  an  altitude  token  before  or  after  the  Innar  obtan- 
don,  acconfing  as  it  is  most  convenient 

The  quadrants  and  seztoat  being  properiy  adjusted,  and  thor  index  emn 
found,  place  the  assistants  in  the  most  convenient  situation,  and  let  the  en 
heading  the  watch  be  provided  with  a  paper  and  pencil,  to  note  down  ik 
obsaradons  when  token.  AH  things  bong  ready,  proceed  to  take  Ihedisuaa 
between  the  objects,  the  assistants  at  the  same  time  obserrinK  the  altitada 
of  each.  When  this  is  done,  nre  notice  to  the  assistaat  with  die  watch,  wk 
is  to  mark  the  exact  time,  and  set  it  down,  together  with  the  observstiM 
read  off  firom  the  instruments.  In  this  manner  proceed  four  or  five  tinoi 
each  set  of  observadons  brine  noted  down  in  proper  order ;  then  tsks  ik 
mean  of  the  dmes,  and  of  eacn  observadon,  by  adding  them  together,  ui 
dividing  their  sum  by  the  number  of  sets  observed ;  the  quotient  will  pn 
the  mean  of  each  set,  which  is  much  more  to  be  depended  upcm  than  if « 
set  only  were  taken. 

The  following  example  will  shew  the  form  in  which  a  set  of  lunar  obaot- 
adouB  are  to  be  written  down : 

JuM  -^-^—  Hdeht  of  the  ejw  so  fttt. 

TlatM br wudi.    Alt-of'ADUrci.    AlkafJ'iLL.      DiK.)'i&r.L. 

b,    B,     ».  B       I        SI  a       I       »  o        I 
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It  may  somedmes  happen  that,  from  want  of  proper  asostaots,  die  altttodt* 
of  the  two  otyects  cannot  be  taken  at  the  same  time  with  thor  distnce.;  in 


WX  tAMlHC  &  LUNAB -OUKKVATMIM.  ^^gg) 

iriBBbo»»tkeahttadesia«)rb»  infbnBdfima  lb*  A^woB^tte^  wad  tlfe 
kuituda  of  the  ihip,  sccoiduig  to  rules  lud  down  &i  tlist  pi^tose ;  but  it 
niut  be  ofaaemed,  tbat  nnleM  these  be  vdl  detemuned,  me  ^MOtioii  vill 
bring  out  R  considenible  error :  it  will  therefwe  be  fouad  mudi  man  aani- 
TSte  to  adopt  the  foUowing  method,  by  which  coie  perMo  cao  tftlu  •  aat  (^ 
ofaenvatioiu  without  aaastanta,  having  a  good  quadrant  to  toike  the  altitude** 
and  a  sextant  to  obanro  the  distances. 

Let  the  observalionB  be  takoi  in  the  following  order,  noting  the  times  I^ 
mwatch:  1,  the  altkude  of  the  sun^  star,  or  planet;  2,  the  altitude  of  the 
■won ;  3,  anr  odd  number  of  distances ;  4,  the  altitude  of  the  moon ;  5,  the 
altitude  of  the  sun,  star,  or  planet.  Now  sdd  together  the  Hiatinn^;^  and 
the  times  wh^i  they  are  takra,  each  of  whidib^ng  divided  by  the  number 
obaerved,  will  give  the  mean  <tf  the  times  and  distances ;  then,  to  reduce  the 
altitudes  to  the  mean  of  the  times,  say,  as  the  difierence  of  times  between 
the  observatimu  is  to  the  difference  m  tiidr  altitudes,  so  is  the  difference 
between  the  time  that  the  first  altitude  was  taken,  and  the  mean  of  the  times, 
to  a  fourth  number ;  which,  added  to,  or  subtracted  from,  the  first  altitude 
of  each  okgect,  according  as  it  is  increasing  or  decreadng,  will  give  tiie  alti- 
tudes reduced  to  the  mean  of  the  times.* 

EXAMPLE. 

Suppose  the  following  observations  were  taken  at  the  under-mentioned 
times :  required  the  altitudes  of  the  sun  and  noon,  reduced  to  the  mean  <^ 
the  times  and  distances. 

Timet  per  watch. 

3h.3Sm.4I>.AIt.oriuD'ilDweTliinb b*"    If     (f 

88    44    Alt.  of  m 


_  (38    60    DiM.  saweM  Umlw TS    13    90)  „.._  » 

"iaa    30    Diit.  DSuMt  Umbi 73    >4    10>^S^^ 

{39      0    DUl.  neareit  Hmb* 78    14    80j  "^  ** 


MMn  of  the  tiinea  J 

3i>.  aam.  it?**      ^ 

48      4    Alt.  tf  nm'i  lowiv  limb. — .„.  A3    14  0 
Timeo.                          Aldtndei.                 TIdm*. 

Iltdt.    3h.3SaUll.               S4°     V               3h.35iii.41*.  lit  altitude. 

9d  lit.    3    43      4                  fi3    14                3    33    4?  meu  of  dmO. 

DUr..„  16    S3    61  8      6  —  0°  SO*    13" 

Flnt  altitude  of  nin'i  lower  limb 64      0      0 

BaduoedaltitDdeafnin'i  lower  limb   ...  63    39    4? 
Time*.                          Altimdac                 Tifnie. 

iNalt.    3h.S8m.44i.                W    S               3h.S8iti.44k  In aldtud* 

9dalt.33a80                  8046                333    47  meearftimea. 


Bedoeed  altitude  of  loooii't  upper  limb  ...  SO    36      t 

Henee  we  obtain  the  foOcnring  *et  ot  abeerrBtJonL 

IHrt.iiaMM.L:of  0&(.       Alt.  of  0'>  L.  Ik  Alt.  of  )'t  U.U 

fr  14'  3"                 eapxf  *r'  wtfftr 
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wo  OK  rlHBtMa  THE  Time  AT  AMY  ftWCN  MMmiAlAM. 

ON  FINDING  THE  TIME  AT  ANY  GIVEN  MERimAN. 

Tnjmd  iha  appareHi^  ormtaa  T^ifM,  at  Skipar Float  of  Obmvvmtian,  ami 

ilnnee  tke  Error  of  the  Wateh,  fiy  im  Amtu4«-^the  Stm. 

RvLBs 1.  With  ^  estimated  lon^tade,  and  apparent  time  at  ship  wben 

die  obsemtiati  ia  taken,  find  the  con^ponding  apparent  time  at  Greenwidi 
by  the  Rule  in  Page  155.  to  vhich  M>ply  the  equation  of  time,  taken  out 
tat  the  oeareet  noon  from  Page  I.  of  the  month  in  die  Nautical  Ahnaoac, 
aa  directed  at  the  head  of  ita  column :  the  remit  wiU  be  the  comapoaSng 
mean  time  at  Greenwich  nearly.  Or  the  Greenwich  mean  time  may  be 
found  by  a  chronometer,  «ho§e  error  for  that  meridian  is  known. 

2.  From  the  obeerved  altitude  of  the  sun's  lower  limb  subtract  the  £f 
of  the  horisoD  (V.)  and  the  refraction  (IV.),  or  the  (fifference  of  re&actkn 
and  parallax  (XVIII.),  and  to  the  remaiiraer  add  the  sun^s  aemidiametc^ 
taken  from  Page  II.  of  the  Nautical  Almanac ;  the  sum  will  be  the  true 
altitude  of  the  sun's  centre.  Or  the  correction  for  the  dip,  refraction,  and 
■emidiameter  may  be  nearly  found  at  once  by  Table  IX. 

S.  Take  out  the  sun's  declination  for  the  preceding  noon  at  Greenwich, 
from  Page  II.  of  the  Nautical  Almanac,  and  convct  it  for  Grreenwich  mean 
time  by  Table  XXI.  or  Table  XXXIII.f 

4.  Take  out  the  equation  of  time  from  Page  I.  of  the  Nautical  Almanac^ 
knd  Hdyce  it  to  (heenwidi  time  by  Table  LI. 

5.  Thea  pvooeed  accoeding  to  one  of  the  foUowi^c^matiiods. 

METHOD  I. 
1.  Subtract  the  sun's  declination  from  90°,  when  die  latitude  and  SeA 
nation  are  (^  the  sane  name :  or  add  it  to  90°  when  they  aie  of  ctmtmy 
names ;  and  the  sum  or  Femainder  will  be  the  sun's  pc^  distance. 

t.  Add  together  the  sun's  true  altitude,  the  polar  distance,  and  the  laa> 
tude  of  the  twice  of  observation ;  take  the  dif&renoe  between  half  thdr  sua 
and  the  sun*s  true  altitude,  and  note  the  remainder : 
S.  Then  add  together, 

The  co-secant  of  the  ^Ur  distance  (XXV.) ; 
The  secant  of  the  latitude; 
The  co-sine  of  the  half  sum ; 
And  the  sine  of  the  remunder. 

4.  The  sum  of  these  four  li^arithma,  rejecting  tens  in  the  index,  will  be 
thelog.  (XXXI.),  answering  to  the  appartnt  iime.bata  thenouest  noon: 
consequently,  if  the  obaerration  be  made  in  the  morning,  the  time  diu 
found  mnst  be  taken  from  S4  hours,  to  oblahi  the  apparent  time  from  the 
preceding,  noon. 

5.  To  the  apparent  time  thus  found,  apriy  the  reduced  equation  of  time, 
by  addition  or  subtraction,  as  directed  at  me  bead  of  its  column  in  P^  I- 
of  the  Nautical  Almanac;  and  the  sum  or  renuunder  will  he  the  mean  time 
at  the  ship,  or  place  of  obsoration.  Resice  theerro-of  thewatcfaortka- 
nometer,  at  the  meridian  of  the  place,  may  be  found  ather  fbr  apfaxait  at 
mean  time- 

iwMi  UNBD  tian  ma}-«e  fataii 
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0H  ntWINU  THE  TnUB  AT  ANY'UIVEN  HBBISIAW.  XM 

If  BTHOD:  II. 

1.  Whea  the  bud's  declinadon,  and  the  Uititude  of  the  ^ace,  are  of  Uie 
same  name,  take  thdr  difi^rence,  bat  when  tbej  are  of- contrary  names, 
take  thdr  mm,  under  which  aet  the  sun's  tenith  imtance*;  take  the  sum  and 
difeenceof  these,  abo  the  half  sum  and  hitfiUfifamiee;  then  add  tc^tber, 

2.  The  log.  secai^  of  the  Utitude  (XXV.) ; 
The  L^.  secaat  of  the  declination ; 
The  lo^.  sine  of  tfie  half  suu ; 

And  tlw  1(^.  one  of  the  half  difierence. 

The  sum  ctf.th«Miburk«arithnu,r(geclinff  tens  in  the  index,  will  be  the  log. 
(XXXI.),  answering  to  Ine  apparent  tune  mm  the- nearest  noon,  asbeAve. 

This  method  of  computii^  the  apparent  time  will  be  found  very  convenient 
when  it  is  required  to  work  to  the  nearest  second ;  since  the  propordonal 
parts  to  eecmids,  bdng  all  addidve,  may  be  added  at  once  wiUi  the  logarithms, 
to  find  the  required  logarithm. 

Note.  The  observations  forfinding  the  time  should  be  taken  when  the  sun, 
or  any  other  celestial  object,  is  at  least  three  hours  from  the  meridian;  and 
the  naaier  it  is  to  the  east  or  west  points  of  the  horixon,  the  better ;  because 
then  the  change  of  altitude  is  ouickest,  and  an  error  of  a  few  miles  m  lati- 
tude will  not  materially  affect  me  time-|-. 

It  will  be  proper  to  observe  several  altitudes,  noting  the  times,  by  the 
watch  or  chronometer,  when  each  is  observed,  and  to  use  the  means  <n  the 
sets,  which  are  ifaund  by  adding  the  sets  together,  and  dividing  thdr  mm 
by  the  number  that  aie  taken. 

EXAMPLE  I. 

August  16,  1835,  the  flawing  observations  were  made  of  the  sun^s 
lower  Bmb,  in  latitii^  36°  31'  N.,  and  lon^tude  by  acoount  IB^  £.,  the 
height  of  the  observer's  eye  being  20  feet:  Toquired  the  teue  ^iparent  and 
mean  time  at  the  ship,  and  the  error  of  the  watch. 

Apii.TtaHa  UtMudBor  b.  m.  D.  1. 

HmTt  '^^''      App.tmi«tAip.A«s.ie.  *  43     Equ.tionof  tiin.,»         ^  ^ 


S3  M4 

M  17    B8  914 


n  49     Da.&rSli,38iii.  i  .Sf  ~   " 

Limglttida fn time ID    8E.  i 

Eq^OjteMuriditlifie  +  4  II 

Ora«a.mpp.tliiie,AQg.lS,  18  M  ■  ... 


£)  no  at  lis  19  Bqn«ioiirfdm».... 

niu4  4S    B    18  fiO  M    OlWlIVichniMn  tlnie.,  18  M 

vnrhorliaD...  —     J  17  "     '     * 

Siiii'idacUn>tion,ADgBMll,(P.II,N.A.).„  14  IS  MH. 
CDcnotton for  IShonn  (XXI.}...  -  V S9">        ,.  ., 
Ditto  for6h.8Bm -  5  18  /  ~  "  " 

B-44    7 

Son'!  HiaMinn.    +  M  4» 

am^UmBki...  sa  M.fiS.  Smifprtlm  Miiiues»..u...>w...._ „.  K    1  15 

•  Tlie>eiiIttid!MUM<tfb(indby«ibtnctIiigthea]titndB&om90°. 
t  The  time  fnmium,  arte  ahhDdeiWbttitlianu]  or  other  cdoKialcbJeMli  in  theiBOM 
•imtuHUi  poritUa  fiir  Andlu  the  time  U  titt  dImb  at  obwnmtkn,  li  ■trsn  in  TaUe* 


ON  VINDIMO  THB  TIHK  AT  AVY  OIVIN  MBUDIAW. 
URTBOO  I. 


Thualtlnid* 
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HETHC 

Sine ».  84381 

Log. «.S90n    4  41  11 

Man  dm*  u  lUp  „.„. 

w*tA>i(ror.ppm>ttfaM  ...  0  on 

WmtAdmhtwrnnHme... 

D  II. 

DUbr.10 

B* 

Sum  

88  SS  IS  H-lf  44  II    S...5I1M...  B.U38U 

AppMat  tiiD>  U  ihip 
E^^Ulon  of  diD. ...... 

h-m.  ■. 

4  41  II 

+    4  11 

- Log....  9.5WJE. 

EXAMPLE  II. 

Mucb  15, 1835  f  civil  time),  the  following  obserrfttions  of  the  bdb'i  kmv 
limb  were  made  in  latitude  16^  29'  SO'  N.,  snd  lonj^tude  99^  SO'  W.,  the 
h«wht  of  the  obwrver'a  eye  being  SS  feet,  sad  the  error  of  the  sextants' A' 
to  be  Bubtncted :  requirad  the  apparent  and  mean  time  at  the  meridiin  >> 
the  ihip,  and  the  error  of  the  watoi. 

A»TlMi          AUtBteaf  h.  m.  ■'•- 

^TfuA           S^'^V    Ap^  tbw  M  ihip,  Mir.  14.  18  45      Bm»t.  of  tUna. t  .  ,  |j 
IB  49  U        10  n  4S    Mnginda  io  tima. I  S8W.     Mardi  IS  —I 


44  60  «a  au  am   am  '    ii.    — 

41  44  44  IS  ■        £  Ih.»»m.... 

'2_lflf!  "*"    App.diiie.tQiMn.lftr.l5,    I  SI  wididn^ 

18444*        1081  to    Eq°ftlnM(PH»I.W.A.)-+    * 
^^^_    Hmidm*MOrMn.Mar.lS,    1  Si 

lOSSM  •    ' 

Car.OX>+«'4=r|-    I  80 

Sw'itnw  alt...  10  30  68 

^— —  8«n't4aciln.atOr«anwicbDaandiiia...    9II38& 

SO 

Snii'i  polar  diiuiua SS  II  38 

■  For  the  mMfaod  of  fiadinf  die  propardonal  parU  to  ncoDdi,  Mc  Bxplanadoa  M  Td4t  XXV. 


ON-riNBUIC  T»B  TIMB  AT  AXIX  GITSN  MattDUH^  WS 

METHOD  I. 

True  altitude ......  10  JO 

Polar disiAnee. M  164 Co  lewnl  O^OOOU 

l^titudf  ....„ IS  »i Sm»at...  0.01lti4 

Smn 119  M 

Bal/..«m G»  4> Go-aiiM...  B.rOM7 

Beaurindv 49    3  .- Sine S-MSU 

Appmnt  time  from  Qoon S  IS  49 hog. 9.Stt93S 

94 

„.„ „ 18  47  IB 

Time  bf  watch IS  44  4> 

Wetdi  «iw  for  ^ipwent  tine.,,         119 


W»tdi  thmtorm 


METHOD  II. 

»    '    "  19 

Latftnde    18  99  SO  N Secant  O.DtSaW 

SuD'a  dedlnation S  18  38  3 Secant  0.000340 

Sum  18  46    3 

Zenith  diitanee   79  SO    4 

8wB »e    8  IS  Half  49    3    8...Sine.„  9.878109 

DiBtoranoe. 60  33  SS  Half  30  16  58...Sine  ...  S.  708459 

909 

Anu«<>t*>°>«f>«><>»>M>-    5  ■><> Log....  9.59937. 

Raving  found  di^appaTeDttimefTOm  noon,  |)roceed  as  in  tlie  first  method, 
to  find  the  apparent  and  mean  time,  and  thence  the  error  of  tJie  wfttch. 

ToJM  the  apparent  and  mean  Time  at  Ship  or  Place  ofObtervaHoH, 
and  thence  the  Error  of  the  JVatch,  by  an  Altitude  of  a  Star. 

RuiBB; — 1.  With  the  estimated  longitude  and  appsient  time  ict  sUp,  or 
y/f  «  ehronomeler,  6itd  the  nean  time  at  Greenwich,  as  directed  in  the  Ust 
problero,  Pa^  SSO. 

S.  From  '  the  observed  altitude  of  the  star,  subtract  the  dipjT.)  and 
refraction  (IV.),  or  subtnut  the  correcdon  taken  from  Table  jCV.,  and 
the  lemunder  vill  be  the  star's  truer  altitude.  .  .  -   . 

3.  Reducethe  star's  right  ascension  and  declination  (XIII.)  to  the  given 
year  and  month,*  and  the  sun^s  right  ascension,  taken  out  for  the  prece£ng 

*  In  tlie  Nnidcal  Ahnsnac  for  IB35,  tlu  tmaa^iparfnfHght  ueension)  anddedinaUona 
of  the  principal  fixed  »t>rg  (that  ii,  th«r  mean  placei  corrected  for  the  effecu  of  preoeaaion, 
abemcion,  and  nutation,)  are  given,  from  page  36S  to  407.  foreverrda^,  or  tenth  dajr  of  the 
■Bonlli,  and  maf  be  tbenoa  taken,  ioHcad  of  thar  mean  placM  in  Table  XIII,  in  coea  vte« 
the  gtaataat  Mcuiacf  ia  ra^iiiad.  • 

Hh 


88i  oM-rtif»iini  ths  tikb  at  aw  civbm  MX*tat*M. 

noon  from  Pige  II.  of  the  month  in  the  Nautical  Almanac,  to  tlie  nan 
time  at  Greenvich  (XXII.  or  XXXIII.) 

4.  Take  ont  the  equation  of  time  from  Page  I.  of  the  Nautical  AlmniK,    ; 
and  leduce  it  to  Greenwich  mean  time  by  1  able  LI.  ! 

6.  Proceed  as  with  the  sun,  by  either  of  the  methods  in  the  last  Prttiai, 
t9  find  the  hour^angle,  ot  star's  distance  from  the  meridian  (which,  witb  (he 
aun,  ia  the  time  from  noon);  this  being  added  to  the  star's  rifrht  aacenwm, 
if  the  star  be  to  the  westwudof  the  meridian*,  or  subtracted  fh>m  it,  if  iht 
star  be  to  the  eastward,  the  sum  or  remainder  will  be  the  right  ascouTO  of 
the  meridian. 

6.  From  the  right  ascennon  of  the  meridian,  increased  bv  241ionnif 
necessarr,  subtract  the  sun's  reduced  right  ascension ;  and  the  Tcmundet 
will  be  tne  apparent  time  of  obserration  at  the  meridian  of  the  ship. 

7.  To  the  apparent  time  thus  found,  apply  the  reduced  e<]uatioii  of  diK 
by  addition  or  subtraction,  as  directed  at  tne  head  of  its  column  in  Pige  l 
ra  the  Nautical  Almanac ;  and  the  sum  or  remunder  will  be  the  meu  tin 
at  the  ship,  or  place  of  obserration.  Hence  the  error  of  the  watch  or  duv- 
nometer,  at  Ae  meridian  of  the  place,  may  be  found  either  for  appuoita 


EXAMPLE  I. 

Januarr  8,  1835,  in  hibtude  18°  HV  N.,  and  lon^tude  fov  ixanii 
55^  45'  West,  the  following  altitudes  of  the  star  Procyon  were  talen.  ria 
it  was  west  of  the  meridian,  the  observer's  eye  being  20  feet  above  the  nr- 
face  of  the  sea :  required  the  apparent  and  mean  dme  at  the  sh^  oi 
dience  6ie  txtot  of  the  watch. 


9  it  m     K  13     l«°«it>ida  Id  tine  (XIX)  S  43    OW.lMp  of  horis 

ahIk      »m    ApiMr«ntttmestOre«nv.90  33  45 

3130      »47    Eq<utii>iiortima,Ju>.e...+    6    0      R«frM»loa    . 


W  13  il  IT 
S)Ma  43  190  0 
le  49  45      S4    0 


Heu  tlm«  M  ai«wiwiGh  SO  3S  45      Stv's  tnie  •Utode  11  » 1* 


8iin'«E.A.stOraaktiiDaia    0  47      Eq.farOiMD«.tim«~  f" 

h.  m.  ■.  °  '  '  „ 
1,  IBM.  (XIII}.7  30  37  Stai'idMllBatioii,I8H.<Xni>SSI'lN- 
-f-        3      Annual  Ti   '  * 


Sttr'iri^tMMndoD,JuuI8SE...  7  30  40      St>r'id«dmadon,Ju>.I83S  ...  SSStf  K 


*  TW  tfMceflha  principal  Mu*iMnuis  die  mBridlBD,  win  be  fonnd  In  TiUcXUT. 


<M  VUmxm  THB  Tins  AT  AW  QtTBH  HimiDIAN. 


METHOD  L 


Star'*  tnw  altltmU  S3  S3t 

PoUrdiitBDce S4  SI} Co-wont  O.OOSIl 

LatitDda 18  9t  SMot ...  0.0SM7 


,..1S6  38 

...  63  IS  Co-rina...  9.«SSSe 

...  dS24| Sins &.8(H6r 

...Log. B.4800I 


EXAMPLE  n. 

April  22,  18S6,  ia  Udtude  42°  ll*  N.,  when  «  chronometer,  wUdi  was 
Sin.  I6>.  too  Cast  for  Greenwich  mean  time,  shewed  9h.  8m.  468.,  the 
observed  altitude  of  the  star  Arcturua,  eastward  of  the  meridian,  was 
9&>5i';  the  error  of  the  instrument  being  +  S'  0",  and  the  height  of  the 
observer's  eye  24  feet :  required  the  apparent  and  mean  time  at  ship,  and 
Ibence  the  error  of  the  chronometer. 

M«a  daw  liy  ditMiomMar    &    B  4fl    Sun's  right  uomdoii,  April  S9 „.,     I  S7  49 

"'---  'n%   -    S  18    Coneetian  for  Bh.  Sm.  (XXII).,- +    i  M  ■, 


a  tima  M  GrMnwieh...    S    3  30    Son's  R.  Awsd.  at  Orwntr.  n 


CoRiOum  Table  XV... 


Eijoatton  a  Oreenwich  tima...     I  34    Star's  polar  distaniu   . 
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OH  FINDIKa  THE  TIME  AT  AHT  OIVKH  USBUMAft 


METHOD  I. 

Bmt'i  true  altitoda  36  SI 

PoUr  diituus W  S7  CoiMtiit  0.097lfi 

LaUluda 49  14  S«u>t ...  0.  lauH 


..SiliB.... 

h.  m.  1. 

9.87ni 

SUr'*  right  uoeiuiaa    U     8  10 

Right  Hcendon  of  meridiu...  10  16  98 

8uD-g  ri«riit  uoeiuioa    1  59  IS 

Tojind  the  apparent  and  mean  Time  at  Ship,  or  Place  of  Oburwlim, 

and  thence  the  Error  of  the  Watch  or  Chnmomeier,  by  on 

Altitude  of  a  Planet. 

Rules — 1.  Widi  the  estimated  lon^tude  and  apparent  time  Mcfav,' 
bj  a  chronometer,  find  the  mean  time  at  Greenwich  by  the  Rule  i< 
Page  230. 

S.  From  the  observed  altitude  of  the  planet,  subtract  the  d^  (V.)  a' 
refraction  (IV.^,  and  to  the  remainder  add  the  parallu  in  aidtudt 
(XLVIII.):  the  result  will  be  the  true  altitude  of  Uie  planet 

S.  Take  the  sun's  ri^t  ascension  from  Page  II.  of  (he  Nautical  AlmuCi 
for  the  preceding  noon,  and  reduce  it  to  the  mean  time  at  Giefant 
(XXI I.  or  XXXIII.) 

4.  Reduce  the  right  ascension  and  declination  of  the  pUaet,  taka  fio 
the  Nautical  Almanac,  to  the  mean  time  at  Greenwich.  (Sac  Note  * 
tiie  top  of  Page  185-) 

5.  Take  the  equation  of  time  from  Page  I.  of  (he  Nautical  Ahniuc, 
and  reduce  it  to  Greenwich  mean  time  (LI  ) 

6.  Proceed  as  with  the  aun,  by  either  of  the  methods  given  in  PagaiSft 
SSI,  to  find  the  planet's  meridian  distance,  and  thence  compute  (he  apptKst 
and  mean  time  at  ship,  as  directed  by  the  Rules  for  a  Star,  in  P^  ^ 

EXAMPLE  I. 

January  10, 1835,  in  latitude  2S°  l&N.,  and  hmgitude  by  8G(»niit34°n^ 
At  6h.  10m.  P.  M.,  apparent  time  by  watch,  the  altitude  of  the  <xam* 
the  planet  Jupiter  was  observed  to  be  55°  10'  V>"  east  of  Uie  meiidiaai  ^ 
heigut  of  the  observer's  eye  being  18  feet:  required  the  apparent  and  nW" 
time  at  tiie  ship,  and  from  thence  the  error  of  the  watch. 

Cioogic 


oil  FIMDtHO  TBS  TIKB  AT  AMY  CtlVKH  HEKIDIAH>  SEoT 

h.m.  o     I    H  h.  n.  » 

-   -  -  ,  l»a     ~ 

4    4    CoT.for8h.J4«.lXXII.)  +1M 

■  19  26  9* 


Varatioa  in  M  honn  . .         0  14  Log.  9.  0122    Vtrntion  in  M  hoan. . .        OUlBg-l-nBi 
GnMvicb  tima ..    Sh.tte.    Log.     ^74    GTecnwich tin*    ......  eh. 34m.  Log.    .4474 

VtriMka  in  elk  Ua.    ..-    6    fiL<ig.S.4e96    Vuutim  ia  Sh.  S4a. . .  —    0    B  Leg.%U» 
^T*?>J^_^A^'°-'*^}    4    OM  •'''S'Sin^^"'"^}^^"'*^- 

Ditto  mt  GnMwieh  Um     4    0)4  DittoitGrMnnielitinMlD  S3    7  If. 

JgpUr'i  polw  diMute  70    0  fi3 


Jopitm'itnualtitnda 
— f—    poludiiUBC* 

.  60    e 

•  TO    7  Co-Mcant  D.0200D 

■  22  16 Seaot  ..  0.03306 

.147  20 

.  73  44* C<Mine..  0.14711 

■  IB  38] Kne  ....  9.60407 

.     229  SHE. ...L.^.....  0.01213 

.    1  MSO 
24 

as  30« 
.  ID  26  30 

Sum 

h.m.». 

Is5-ti-ofti«    .- 

.6  12  29    Wat<:li.^fbrap[weDttiB*.. 

asa 

EXAMPLE  II. 

Wuch.U>(brBMntiiu 

December  87, 1885,  in  latitude  10°  12'  9.,  vfaen  a  ehtooometet,  vhich 
v»9hi.  168.  too  fllov  for  Greenwichmeui  time,  shewed  6h.  49  m-  12s.  P.M., 
(he  obmred  illitnde  of  the  centre  of  the  planet  Venus,  westward  of  the 
meri£iD,  was  11°  9.0'  IS",  the  error  of  the  mstnunent  being  -~  K'  45",  and 
the  hfaght  td  the  oboervet'e  eye  S4  feet :  required  the  apparent  and  mean 
time  at  the  ship,  and  thence  toe  error  of  the  chronometer  for  die  Ueiidian  of 
the  place  of  observation. 


Sir  OK  iriKblxs  tbk  time  at  amy  aivSM  MKatDtAi*. 

b.i>.h  o'n  i.»l 

MauluMhjchnn.  «  49  U    Vanu'i  otw.  altitDda.  11  M  IS  Son'*  R.  A.,  Dec  XT..  UB  1 

Otnaan-loodiiw.  +  1  M    Indnorw —    145  Cor.fiir  A.IlB^XXlI.)  +  I  H 

MMBtlattlGnM.  6  tl  SS  11  31  10  fiiin'i  H  rt  irfTrMl  riwi  11 11 11 

'  Dipofhiinna —    4a  

"18«|  EqDUkaartiM,DM.ir..TM 
-    ***  C<r.foTflh.Jl».aX)-..-+  M 

r*tn*iltitid»  II  U  IS 


ViriHioaiaSlbovi....          S  90 

ara«»idhiM>ii»>....  6h.nB. 

V-ariitiMiBai.Sl*.    ..+    1  SI 
Van*'*  B.  A^  Dec  ST,1  |p  j|  ,j 

Vfliu'i  trw  ahittidB. 

Log.  .6ua 

LBf.l.IW7 
..   11  U 

V.nlMaiiiS4lM>»>..        U    0  Uit  Ml 
V™ti«inO..«»...   -     S4SL(C.~!wi 

M 

VM.*.poltrdi.t.K<..  «TS4    0 

— — 

h.  B.  >.                          

..   ear  SI  w...Lgc.....  s-mss 

lLwc«d««f  KHridkD  +  Hbn.  »  M  41 
Sui'i  right  ■Knwa 18  !■  iU 

h-B.  •. 

"fl — u 

amo.il<mfbitffH^Ltma....          B  4 

ll«*bjd>niw*Mt«r 

. .    6  40  IS 

ChtoaoawtcrilbBlU'nwaiitiiM  ..         0  22 

To^find  the  apparent  and  mean  Time  at  Ship,  or  Place  of  Obaerwitio*t 

and  thence  the  Error  of  the  Watch  or  Chronometer,  by 

an  Altitude  of  the  Moon. 

RoLEB.  1.  With  the  esdmated  longitude  and  apparent  time  at  sbipi 
or  br  a  diroDometer,  find  the  mean  time  at  Greenwich  by  the  Bulet  m 
PageSSa 

f.  From  the  ohBerred  altitude  of  the  moon''B  upper  or  lower  limb,  con- 
pnte  the  true  aldtude  of  the  moon's  centre  by  the  Rules  in  Pages  186, 1ST. 

8-  From  Page  II.  of  the  month  in  the  Nautical  Almanac,  take  out  lltf 
aiui''s  right  aacennon,  and  reduce  it  to  Greenwich  mean  time  (XXII-  * 

xxxni.) 

D,s.i,:.db,  Google 


OH  FIHIMMS  THB  TIMB'AT  AVI  aiTBH  MSBIBIAS.  Stm 

i.  From  Pages  V.  to  XII.  of  the  Nautical  Almanac,  Uke  out  the  moon'a 
ri^t  asceunon  and  declmatioto,  for  the  {^ven  di^  and  liour  at  Greenwich, 
Bod  reduce  them  to  Greeumch  mean  time  (XLVII.) 

5.  Take  the  equation  of  time  &om  Page  I.  of  the  Nautical  Almanac, 
and  reduce  it  to  Greenwich  mean  time  (LI.) 

6.  Proceed  as  with  the  sun,  hj  either  of  the  methods  given  in  Pages  930, 
93^,  to  find  the  moonV  meridian  distance,  and  thence  compute  the  apparent 
and  mean  time  at  ship,  aa  directed  by  the  Rules  for  a  Star,  in  Page  2S4. 

EXAMPLE  I. 

AQgustS1,18S5,  in  latitude  35°4U'S.  and  lonntude by  account6^30'E. 
at  Ih.  54m.  SOs.  P.  M.,  apparent  time  bf  watch,  the  observed  altitude  of 
the  moon^B  upper  limb,  east  of  the  meridian,  was  S4f  SS'  95",  the  instru- 
ment being  adjusted,  and  the  height  of  the  observer's  eye  16  feet:  required 
the  ^iparent  and  mean  time  at  ue  ship,  and  thence  the  error  of  the  watch. 

*5tii!I*«f  ■'"'^V     IMM     Ohi.a(t.J'siip.Umb  84  M  SB     Snn'a  B.  A.,  Aug.  W  . .  IS  t2  » 
AigiBln     ....J  KpnfhOTilOD,,..  -     3  SO    Cor.lbraUi.46M3«II)  +    118 


„-„ .    +    9  )■-"'»«  Inp,geIII.ofAog.mth«N.A., 

■■I  in  di  lui                                 «f»  y«  MBiidameter  «  tin  BOUu 

•rich,  AiKtut  X.f  ^'  **'"  Mooo'i  up  ah. . .  U  13  39  at  22b.  ii   Itf  T",  ud  bonioaul 

EqaMknoTtiiBc....  +        W  M(raa'iair.(XXX)-|-  47  M  puiOlai SV 9". 

MMitiualGrcraw.  3t  41  SO    Moon'i  tnw  alt. . .  SS    0  50 

h.  BL   a.  >'idiicAw.lO,«tSlh.  »  U41S.tp.XII.N.AJ 
>'iR.A.,AaK.  ICataih.  10  40    |(p.XIl.N.A)  Dhto,         atSib.  81    1  US. 

Ditto,  ataab-  16  43  W  

VaiiMioBiiiltaoitr....         T  4S  tng.  .fiSBS  . 

Virialiaa  m  1  hear    ....  3  SO  Loft.  1.1811  GmawiclitliBaaft.Slh.  44m-S0i-  L«.    .1S86 

GnaowkhtiiMafUrailL    44m.t0i.LcK.   .1960  •>     t    H  ^__ 

„   .   ,    .  h.  m.  a.  — —  VariMiiM  is  44m.  S«to. .  +    S  4»  Loj-  LOIM 

Vinatni IB  4ftD.  fiOa.  . .  +     1  SI  Log.  1.40ttT  rad«c.An|F.ia,at311i.  93  S4  41  & 

>'»R.A.,AiiB.10,«taih.  16  40     1  *  ^  —,  

UUa  it  Granw.  (ina .  21    0  SB  8. 

■  16  41  t9  SO 


^^  Mooa'a  pidar  diatuxe .  flS  «  19 

E<).ortiiBcAag.lO,  0  ffi  Moon'a  tnx  attitada .  15"  I' 

Cm.  far  Uh.  (LI)  —IT  Mooa'a  polar  diMuue  GO  GOj Co.ae>:uit  O.D300O 

I-titiiil*   :...  Si  4|| Secant  ..  O.O9015 

Bq-UGnmw.linia  0  11  

SuBi 11T49 
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X40  ON  riH»INO  TBS  TIUK  AT  AKT  QIVBK  HEBIDIAU. 

EXAMPLE  n. 

October  13, 1835,  (civil  lime,)  in  latitude  4£f  S'  N.,  when  »  d 
which  was  2in.  26b.  too  feat  ftwGreenwich  mean  time,  shewed  lOh.  54».Hi. 
A- M.,  the  alUtude  of  the  moon's  upperlimb  waaobserred  tobeWPfti'ar 
west  of  the  meridiaii,  the  error  of  the  instrument  being  —  *'  W",  ind  4e 
height  of  the  observer's  eye  18  feet :  require  the  appaient  and  new  tiro 
at  uie  Mp,  and  the  error  of  the  chronometer  fi*  theioeridiaa  of  die  pUcerf 
obaerratiDn. 


^™^^  !_  «•  30  tS    av'aB.A^H»f«a>4iM  U IH 

■,.rft--,Oct.li..llIM  A-,— t.+lltl-"'  "  :i^si,'iL?*^'""*^ 

Ci.fcrWb.(LL)....  1-  Ua  pumUMM-aa-. 

Mooi'*  up- >H. . .  40    1  II 

Bq.>t  GnwwUtMi  ltU.1    Moo'i  cor.  (XXX>     40U 

Mooa-atnealt...  40  41    4 

S  IT  a  N.  ^  "■" 

I  IS  Log.  1.43SS     Vuiidon  id  I  how I  M  L«g.  I-M 

m.4ai.  Uv-   4CaB     Greuiw.  tUM  taer  I2h.   »lm.  48h  L^   ■«>> 

1  U  L<f.MW 
IS  WW. 

ISttD  at  Gratawkk  tiaa..    S  14  IB  Ditto  at  Gncswkh  tine.  aS  16  4r  N. 

m 

Mmo'*  pahrdittuca  . .  WWW 

ll4Mio'>ti»*mtiid*....  404S  „  ___^ 

Hoia'a  edar  dktwKS  . .  M  4> Co  aeeant  ft  04TM 

LatAod* 48    I Smsat  ..  Ik  17491 

8iiiu isass 

HatT-MM T0  14 Co-UM. .  ft  STSSl 

R.ttiDdar BSn Sm>  ....  ft  Te4Il 

h.  B.fc  

Mooa'i  iwridiu  dMoK* 1  49  40  W.  ..Lag.....  ftHUt 

MM«'*ri^taMa»ic» 0»  IB 

10  I  se 

M 

RiKlituc«ii«ioaarm«nliui-f34h.  ai     ISO 

SuT'.  right  a>K««i«. l»ll«  ^^^ 

McutiiMatihip »  »8  SO    Cbnm./JuttorwptmiwAtim:...     8    1» 

'  Tinebj  dinmomata' U  St  14 

ChraooBMlcr/iM brinMii tima  ..    8  IS  84 

L.=.l,:sa:,G00gIC 


»H  FINDING  TUB  TIHZ  BY  EaUAL  ALTITODBB.  941 

TofiadtheErrorofa  WatchorChrorumieieTbyeqitatJUitudeaoftheSun. 
RuLKs. — 1.  Id  the  morning,  when  the  sun  is  nearly  east,  or  when  it  ie 
not  less  than  two  or  three  hours  distant  from  the  meridian,  take  Beveral 
altitudes  of  the  upper  or  lower  limb,  and  note  the  corresponding  times  that 
are  shewn  by  the  watch  or  chronometer  rince  the  preceding  noon.  In  the 
afl«nioon  observe  when  the  sun''a  limb  has  the  same  altitude,  and  note  down 
the  times  opposite  the  respective  altitudes,  reckoning  the  times  of  the  after- 
DooD  altitudes  from  noon  of  the  game  date  as  those  taken  in  the  morning. 

ft.  Add  together  the  means  of  the  times  at  each  set  of  observations ;  half 
thdr  snm  will  be  the  middle  time  between  the  observations,  or  approximate 
time  by  the  watch,  when  the  sun  is  on  the  meiidtan ;  their  difference  will  be 
the  interval  of  time. 

S.  Find  the  equation  of  equal  altitudes,  as  directed  in  the  Explanation  to 
Table  LIT.,  and  apply  it  to  the  middle  time ;  the  result  will  be  the  time 
shewn  by  the  watch  at  apparent  noon,  or  when  the  sun  is  on  the  meridian 
at  the  given  place :  the  diflerence  between  that  time  and  S4  hours  will  be 
the  error  of  the  watch  for  apparent  time. 

4.  To  6nd  the  error  of  the  watch  for  mean  time,  apply  the  equation  of 
time  (taken  from  Page  I  of  the  Nautical  Almanac,  and  reduced  to  Green- 
wich time  by  Table  LI.)  to  24  hours,  by  addition  or  subtraction,  as  directed 
at  the  bead  of  the  column  from  whence  it  is  taken,  and  the  sum  or  remtunder 
will  be  the  mean  time  when  it  is  apparent  noon  at  the  place  of  observation ; 
the  difference  between  which  and  the  time  by  the  watch  at  apparent  noon, 
will  be  its  error  for  mean  time. 

NoTK.  This  method  of  finding  the  error  of  a  watch  or  chronometer,  and 
diereby  regulating  its  going,  is  well  adapted  for  practice  on  shore,  where 
tbealtitudeamay  oe  taken  with  a  sextantby  meansof  an  artificial  horizon,* 
and  the  eorrespimding  times  found  with  great  exactness ;  and  it  is  Tecom- 
mended,  in  observing,  to  fix  the  index  of  the  sextant  to  some  particular 
division,  and  wait  till  the  contact  of  die  images  take  place. 

EXAMPLE  1. 

July  22,  1835,  (dvil  time),  at  Edinburgh,  in  latitude  5^  Sfr  N.,  and 

longitude  3°  KV  W.,  the  following  observations  were  made  at  equal  altitudes 

of  the  sun*s  lower  limb :  required  the  error  of  the  watch  for  apparent  and 

mean  time  at  Edinburgh. 

TtiiHA.H.  TbmP.H. 


S5     10 lU    8  SO 37  43  41  Snn'aded.  JuIt  91,<P.II.N.A.)  8V  3S  3S  N. 

35    «0 9  2<J 43  35         Ditto,     JuIt  83 «a  13    4  N. 

35    30. 10  87 41  34  

■  Change  ID  tvu  day 23.13 

3)      38  36  127  41  =:  1413" 

20"  24' N. 

00 

Inmral 7  33    5       8)47  68    8    Sim'i poUr diitanos 68    36 

Middle  lime...  33  S6    1 

■  For  B  dMcripiioii  of  the  Mrenl  kind*  of  sniiidBl  bdri«on«,  and  the  madiod  of  taliinf 
iltitudfa  vitb  tbem,  we  page  223. 
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laMml n.  a>m.    Log.  A.  7.7*78 ^ Lw.  B.  7.ini 

Ch-InldaTi   UlT         Lofc.  ...  S.I408 i.\m 

Luitod*.....  U°  SS*       Tang.     0. 17U  FokrIKM. WST  Co-tu.  9.S7M 

Pint  wn  +  IV-U        Log. ...  I.  II81  Soooad  f«n  -  1*.8I  Log.  O.Ktt 
SteoDd  put  —   1  M 

+  II  J9  Efnmdon  of  aqiul  ahlnidH. 

TtiM  M  EiUnbnqlii  Jolf  n 0    0    0  Eqwtioii  of  tuna,  Jtilr  tt».  + 1  L( 

Lonclnd*  in  tin*  IS  MW.     Corr.for  OrarawiditfaMCLL)      II 

Tim*  U  OTMBTldi 0  IS  40  EquuionuOrraawiditiiDt  +  l  LI 

h.  n.    •. 

M Iddla  tlma  br  vMch S3  SS    1 

Sqiutiaa  of  aqtul  ■Idtndaa +        It 

TIdm  br  wMch  u  vpanu  MMD  ...  83  Se  IS SS  H  11 

S4 

WaUhtfai 


Haul  tba»  U  iff/aitat  dood  =  84h.  +  EqoKiaii  of  tima  Sm.  8 
WuA  ihm  br  unn  tima  U  Ediabargli 


BXAHPLE  II. 

April  10,  1835,  (civil  time),  tt  Bombay,  in  latitude  IS^S&N.,  n^ 
longitude  19P  54'  £.,  the  following  equal  altitudes  of  the  sun's  Iowa  h^ 
were  obterred,  with  the  cone^n^ng  times  by  a  chronometer :  leqmi 
the  eiRH-  c£  the  chronometer  for  apparent  and  mean  time  at  Bomb*;. 

A»i-Bitf>L.L.   TlMMllTano.A.H.  TliDVloChraJ'.IL 

»    0. IS  1  S4 .SS  18  IS  Siiii'«d«d.AprilO,(P.ILN.A.)    7S4I1K 

29    6 S  16 17  «        Dittoi.      Apriill 8    BllS. 

SS  IS 8    8 17     I  ■ 

SB  St) 8S4 16  41     Chuge  ia  two  iU7« 44  M 

4)      10  87  6»  48  ~ ■ 

ISmu   IS    S  89 

S3  17  98 

iQMml S  14  47        S)88  SO    S     Sun'i  polv  dlituiM 89    II 

Middle  time...  19  10    S 

Intcrral Sh.  ISm.     Log.  A.  7.8136 Log.  B.  7.4M> 

Cb.inSd>yi   S66a"         Log.  ...  3.4S&9 8.4119 

L4titnd« 18°  58'       Tang.-.  B.S3S8  FolM'Di«uBS<>I8'Co-uii.  9.ISS7 

Fintput...-    Si.94        Log.  ...  0.7788  S«ooiidpvt-f  UlSLiy.  0.U78 
Second  [•«  +    1  .IS  ■ 

—    4  .BS  Eqnatlon  of  equl  iltitndM. 
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Tm»  tl  B«mtav.  April  9 ».  Si    0    »  Bqiudon  of  time,  April  S...  +  1  4i.  8 

Loogtwd*  Id tiina  4  SI  38  E.       Coir,  fv  Iflb. Sm. (LI) -  I3.fi 

TbM  U  Orwinridi 19    8  S4  Eqwulon  at  Onannrkli  tiina  +  I  81.3 

MUdk  tinw  by  duoDomMer 19  10    9 

E^tion  of  aqiul  mldtiidal   —  S 

TiiHbircliroiio(iieMratkpp.iiaaa.  10    9  fi7 19    9  67 

Onn.  «tM  for  ^ip.ltmc  at  Bmin]'    4  SO    3 

Mean  time  at  appanot  HOOD  =S^  -I-  Equation  of  tima  Im.aU.  =  34     1  81 
ir  ibw  for  iiwan  tlma  at  B«nib«y. 4  >1  84 


EXAMPLE  FOB  EXERCISE. 

February  SS,  ISSff,  (dvil  time),  at  Functial,  in  latitude  82°  37'  48^  N., 
and  lonptude  16°  55'  SO"  W.,  the  mean  of  several  times  taken  in  the 
morning,  ahewn  by  a  chronometer,  was  9h.  24m.  8s.,  and  the  mean  of  Uie 
dmes  corresponding  to  the  ssnie  altitudes  of  the  sud'b  lover  limb,  taken  in 
the  afternoon,  was  6b.  ISm.  408. :  required  the  error  of  the  chronometer 
for  qtparent  and  mean  time,  at  the  meridian  of  Funchal. 

Answer.  The  chronometer  is  Ih.  18m.  4Sb.  fiist  for  apparent  time,  and 
Ih.  SnL  Oi.  tut  for  mean  time,  at  Funchal. 


ON  FINDING  THE  LONGITUDE  BY  CHRONOMETERS. 

It  has  already  been  observed,  that  if  a  cbronometor  could  be  made  to 
ifaew  always  predsely  the  mean  time  at  Greenwich,  or  any  other  ^ren 
meridian,  the  longitude  of  a  place,  from  that  meridian,  might  be  easily  com- 
puted, by  comparing  the  time  shewn  by  the  dironometer  with  that  at  the 
given  place;  but  it  is  hardly  to  be  expected  that  such  a  complicated  machine 
can  perform  bo  accurately,  as  never  to  deviate  from  the  time  at  the  meridian 
to  which  it  is  set :  nor  indeed  is  this  absolutely  necessary;  for  if  its  error  at 
the  given  meridian  be  known  on  a  certun  day,  and  also  its  rate  (which  is  its 
daily  gain  or  loss  in  24  hours  of  mean  lime),  we  can  thence  deduce  the  time 
at  that  meridian  as  well  as  if  the  hands  of  the  chronometer  actually  pointed 
it  out,  provided  that  it  go  uniformly,  which  is  all  that  is  essential  in  the 
motioD  of  a  chronometer.  In  order,  therefore,  to  obtain  these  particulars, 
it  ia  usual  for  the  maker,  or  person  to  whose  care  the  machine  is  entrusted, 
to  examine  its  error  every  day,  by  comparing  it  with  a  well-regulated  astro- 
nomical clock ;  these  errors  being  then  set  down  in  a  book  kept  by  him  for  the 
purpose,  the  daily  differences  shew  its  rate,  and  the  regularity  o£  its  motion. 
I  I  2 


9M  ov  svxmne  tbs  loii«itddk  by  chromomktxbs. 

If  the  errors  or  daily  difierencea  continue  the  ume,  the  chronometer  ii  mi 
to  have  no  nte,  and  is  keeping  mefto  timeexacdy.  Should  the  chroooiiMtK 
be  too  fast,  and  the  error  increasing,  it  is  gaining  on  mean  time;  butiflhc 
error  be  decreasing,  it  is  then  loong :  on  the  contrary,  when  the  dnmiaineiEt 
is  too  slow,  and  we  error  increaaing,  it  is  losing  on  mean  time ;  but  if  ibe 
error  be  decreasing,  it  is  guning.  The  rate  and  error  of  a  chronomela 
may  likevise  be  ascertunea  by  iJtitudea  of  the  sun,  as  will  be  shewn  ben- 
after.  For  instance,  suppose  on  a  certain  day  a  chronometer  wu  foond, 
by  altitudes  of  the  sun,  to  be  Sh.  SOm.  10s.  too  fast  for  mean  tine,  si  it 
meridian  of  Madras ;  and  that  by  observations,  taken  tea  days  sf^eTvuifai 
it  was  5h.  SOm.  40s.  too  fast,  at  the  same  mendian ;  I  thence  find  (bu  i 
has  gained  SO  seconds  in  10  days,  and  conclude  that  its  daily  gain  is  Ssectnk 
Again,  suppose  on  August  ISih,  a  chronometer  was  ISm.  10s.  too  fsstfif 
mean  time  at  Greenwicn ;  but  by  observations,  taken  on  August  98th,  ii 
was  found  to  be  10m.  40s.  too  fast  for  mean  time  at  the  same  place;  boc 
it  appears  that  the  chronometer  has  lost  Im.  30s.  or  90  seconds  in  ISiMp, 
ana  consequently  is  losing  6  seconds  daily.  Observations  of  this  kind  sbouU 
be  repeated  and  compared  together  as  often  as  convenient,  in  order  to  id 
the  rate  the  chronometer  has  gone  at  between  every  two  such  observatisii!, 
by  which  the  regularity  ofits  going  will  be  proved.  Having  by  these  bobi 
established  its  rate  and  error  at  the  meridian  of  the  place  of  obsantm 
the  longitude  of  a  ship  on  her  voyage  may  be  found  by  the  following 

Rules. — 1.  Take  several  altitudes  of  the  sun,  or  other  cdestjaltteft 
when  it  bears  as  nearly  east  or  west  as  possible,  but  always  at  least  mm 
hours  distant  from  the  meridian,  and  note  the  times  by  a  chronometeT  «ha 
they  are  observed,  of  which  take  the  means. 

S.  To  the  mean  of  the  times  apply  the  original  error,  that  is,  add  altf 
the  chronometer  was  too  slow*,  or  subtract  what  it  was  too  fast,  for  nea 
time  on  a  given  day,  at  the  meridian  of  the  place  where  the  rate  was  sscs- 
tuned :  the  sum  or  remainder  will  be  the  mean  time  by  chrmometer,  cff- 
rected  for  tJie  original  error. 

3.  Multiply  the  daUy  rate  by  the  number  of  days  and  parts  of  i^ 
that  have  elapsed  since  the  original  error  was  determined ;  the  product, 
which  may  be  called  the  occumuia/ed  ra/e,  b^ng  added  to  tlie  above  sniiiK 
remainder,  if  the  chronometer  be  losing,  or  subtracted  from  it  if  giini^' 
the  result  will  ^ve  the  mean  time  at  the  meridian  where  the  rats  V" 
original  error  were  ascertuned.  Should  the  meridian  not  be  that  of  GrM- 
wich,  then  add  die  longitude  of  the  place  in  time,  if  it  be  west,  oi  subiwi 
it,  if  east;  and  the  sum  or  remunder  will  be  the  correspondiag  mesn  uiu'' 
Greenwich  by  chronometer. 

4.  With  the  latitude  of  tlie  place  of  observation,  the  true  altitude  of  tk 
son  at  other  celestial  object,  and  the  reduced  declination,  find  the  bm^^ 
time  at  the  place  of  observation,  as  directed  by  the  Rules  in  Psg^  ^ 
SS3,!i86,  orS38;  the  difleience  between  which,  and  the  mean  dmeti 
Greenwich,  obtained  by  the  chronometer,  will  give  the  longitude;  "^ 
if  die  time  at  the  ship  be  greater,  or  west,  if  it  be  less,  than  die  tifix  " 
Greenwich. 
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EXAMPLE  J. 

Msy  19,  1835,  P.  M.,  in  latitude  42°  15'  N.,  the  foUowog  sltkudes  of 
the  sun's  lower  limb  were  observed,  with  the  corresponding  times  bj  «  chro- 
nometer (being  P.  M.  at  Greenwich),  whose  daily  gain  bad  been  settled  at 
noon,  March  17,  at  7- 8s.,  when  it  was  Im.  18s.  too  last  for  mean  dme  at 
Greenwich ;  the  instrument  having  no  indei  error,  and  the  height  of  the 
observer's  eye  being  26  feet  above  the  sea :  required  the  true  longitude  of 
the  ship. 


nmttii  Oao.  Ua.Q'iLd,. 


D«ll7g^n  ' 

Ban  from  Mudi  17  j 
loM»yl9  ( 


S)SS    4  40      SIB  <6 


Eq.uOreaDwidicime....^   8    50.9        Sus't  deduution  m  Gnanncti  time  19  44  I3N. 
90 

Sua'i  poUr  diiUDM 70  IS  47 

Sun'a  true  kltitude 48  U 

PttUr  diiutin 70  18 Co-ttuit  O.dSSSS 

Utltud« 48  IS  S«cao(  ...  0.13064 

Sam 1SS  S6 

Hair^m 78  13 Co^dne...  9.31008 

Bamunder 34  18  Sine 9.7S091 

AppuvDtdnwMibip...  8  11  SO. Log. 9.81791 

Equation  of  time —   3  51 

SiMD  time  at  ihip  8    7  S9  Hay  19. 

Mean  time  M  Or«eii<Tlch  6  SI  84  Ma;  19. 

Longitade  In  time    .'3  43  SS  =SS°  SI' IS*  W«M. 
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BXAHPLE  IL 

April  S3, 1835,  a  chrooometer  wu  2fa.  Sim.  Ua.  too  fiut  for  mean  toM 
at  Greenwich,  and  waa  guning  2.  la.  per  day. 

June  24,  18S5,  (June  S5,  A.  M.  cinl  time),  in  latitude  10°  fr  30-S., 
the  following  altitwks  of  the  aun^a  lower  limb  were  obaerved,  with  the  cor. 
leeponcUng  timea  by  the  same  chronometer  (bong  A.  M.  at  Greenwidi), 
the  height  of  the  obaerrer's  eye  above  the  sea  being  20  feet,  and  the  error 
of  the  sextant  1'  SO'  to  add :  required  the  true  longitude  of  the  ahip. 


10    t 
10  17 


SO  48        10  S9  to  June  M  .. 

89    S        10  M  10  S8  IB 

SSM        1114  DipiTborlMiii -    4  17 


Eqtuitioi>MOiMnwldidn».  S    8.4    Siin'«  dtdlMUlMi  t  Ofwurkh tima ■■■  »  »  W  V. 
M 

Snn'i  poUr  dbttooe «_...tlS  W  M 


.113  tSl... 

..10  3| SMMt ...  o.ooan 

...134  14 

,..  67    7  CMto*..  9.SM7B 

...  M  S3  Sine 0.0SO44 

...    4  54  11 Log. ».9S4SX 


14*    0  =  97*  IS'  Wm. 
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EXAMPLE  III. 

October  18, 18S5,  F.  M.,  in  Utitude  15°  46'  N.,  die  obwrved  dUtait  of 
the  >un^a  lower  limb  vailiP' 40,  vhena  dtronometer  shewed  lib.  lSm.4ftB. 
(being  A.  M.  at  Greenwich),  whose  error,  on  Augnst  1%,  wm  6m.  96i.  too 
slow  at  noon  for  Greenwich  mean  time,  and  wu  gainiiig  1S.0>.  per  di^; 
the  index  error  of  the  instrument  being  +  2'  SO",  and  bei^t  of  die  oMerrcr^ 
e^e  16  feet :  requiied  the  true  longitude  of  the  diip. 

h.  in.  «.  -     '     a  t. 

Tlnw  W  ofaMO.  I    —  „  .o  OlM.i]t.n>n'*L.I..  IS  40    0    DaUvnIn It.S 

Oct.  17    f   »  »  "    bd«K«rr«r    +    *  >•>  DaT«fratiiAw.l9|  » 

OiiffDal  tnor. +    B  M  ;^  ^  ^        M  Oct.  17  f 

a  IS    8    Dliiafhoriwm  .. 
AonmuiUud  imM    —  IS  S7 


■a  •!  M    OaminUdmn  ...iaiD.4S.0L 
+  1S    S    Ditto  In  Sth.  iSm.  <f     lt.9 


Sun'itrnealtttuds  IS  SO  4S 


Snn'i  ten*  iltitade.... 


Sum .'. lis    4 

Half.«iiin «4    S  Co-dM...  e.8413t 

Rcnulndw II  11  S1d« 9.89ISS 


Hau  dm*  M  ihip   4  40    0  OcMbn  IB. 


Longituds  In  tim*  S  SS  40  =  BS"  57'  IS"  Eut. 


•  OrthedUr.  for  lIioorU*.00x331u  =  lS«ir'.00  =  Sl  if. 
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EXAMPLE  IV. 

-  ApiU  U,  1880,  A.  M.  (dnl  liine),  in  latitude  ST*  SfV  S.,  die  obsemd 
altitude  «f  Oie  ran's  npper  limb  ma  18°  4S'  50",  wben  a  timckwpT 
dwwed  !th.  i:iin.  60s.  (b«ng  P>  M.  at  Greenwich),  'whicb  at  noon,  ApmJ. 
Wt  lb.  10m.  I0B.  too  &at  fur  mean  time  at  Greenwicb,  and  was  la^ 
4. 8t.  p8T  day ;  the  error  of  the  sextant  beug  +  ff  40",  and  the  hdgh  rf 
the  obeerrer  a  eye  SO  feet :  requited  the  true  longitude  of  the  sUp. 

TbMbrdinn. 8  li  M  OU.ilt.Hu>'tU.L.  18  4t  SO    Diilv  Ion 1.1 

OHciitdvTor  1  10  IS    IndMarror +    8  40  Dmri from  April  3 >        - 

M  April  as J"        " 

1     9  U  18  4S  SO                                     


E<)iiMl«noftiiM,AarUIS,  >    3.6    Suo'idediaaUoD,  April35,(P.IL  N.  A.)  IS  S  US.    I 

Ccvr.rorlh.liii.(LI) +   O.i    Conectioii  for  Ih. 4m.  (XXI) +  OU*      | 

Eqanica at  QtMnw. tfana,  S    4.0    Snn'i dwdfution  at  Oiwenwidi time 13  iXS- 

to 

Son'i  polar  dUtaiwe.^ 103  )  X 




...CmIds 
...Sine... 

...Log.... 

74  »  9S  .. 
56    0  57  - 
h,   in.  .. 
4    4  14  .. 
84 

19  65  46 
.-9    4 

Appumt  time  M 

.IJp 

Lon^tude  is  tlmt S  10  31  =  77"  3S'  WiM. 


*  Or  dit  as.  br  I  hour,  48*.  SB,  m^  b*  taken  fn  the  ectnutiou. 
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EXAMPLE  V. 

JaniutT  27, 1835,  P.  M.,  in  latitude  6=  fiS'  N.,  the  foDowing  alutodei  of 
the  Eim'a  lower  limb  were  observed,  ctKreepoiduiff  to  tlie  time*  dieimbjr  a 
chrocometer  (originally  set  to  Greenwich  mean  tune,  where  it  was  A.  -M . 
at  the  time  of  observation),  whose  error  and  rate  were  settled  at  Bombay, 
m  longitude  7^  5^  9A"  E.  on  Janua^  16th,  having  on  that  day,  at 
noon.  Men  5h.  17ni.  4Sa.  too  slow,  and  losing  5. 48.  daily ;  Uie  height- of 
the  observer's  eye  b«ng  18  feet,  and  the  instrument  having  no  index  ezn>r : 
required  the  true  longitude  of  the  ship. 

naabTODiB   Alt.9nrtL.I. 
13    4  M        18  4S  Ob*.>lt.>un',L.L.  IB  11  40    DaUrla 


7  17        ta  IS               Dip  ol boriwa   ...  —    1    4  Dayi  from  Jul  16)         ., 

980        17  41  mJui.»7   I         " 

18    7  3S  -— 

t)     SI  12        U  35  giin'i o(iTT.(XTni)  -    S  43    Lom  Id  lOdnyi.. AV.4 

Ditto  in  41i,  SS11L...+  0.8 

18    4  61 

Sun*!  ■emidiun....  -f-  IS  18 

Sun's  tnwmlUtude  18  SI 
90 

«  ju     DfliMBtliDiatOnan-    Sun'*  dediulj 
""    '\      wk*.J-t»  Ditto, 

m.   I.  VariMioo in  S4  hrt. IS  18  Log..  19S4aXXni}. 

E4.tftfro«,  JU1.X6,  1>  48.3  Oreenwich  tlQw S3h.84m. Log.. 0079 

Catii«S>lL34m.(LI).  +  13.8  °     '     "         

VarUd(nlDS8h.84ni.  ...  -  14  ULog..90SS 

£^<fOiMQT.  tinM  18     1.1  Sao'ideclioatioD,  Jsn.96,  18  49    7S-    ■      -- 

Ditto  mt  Oraenvidi  time .  IS  34  It  & 


lomgitiide  In  tliM      5  10  37  =  77°  Sg*  16*  E. 
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W9  M  nmuia  thk  UMwnjDs  by  cBaoMOinTxms. 

EXAMPLE  VI. 

IfiV  28, 1835,  P.  M.,  in  Utltude  0°  m'  N-.  the  me»n  of  semd  alii- 
iud*s«€lfaeSur  AnUiM,  when  eastward  of  the  mericU«o,  wttSCPiSfaor, 
ibe  liei^t  of  the  Dbwrror'a  eye  being  16  feet,  «ikI  the  aaean  uf  tba  cn«e> 
nondi^  timn  by  a  chrooometer  lOh.  ISm.  Jils.  P.  M.,  which  bad  be« 
ftuDd,  May  S,  at  James  Town,  St.  Helena,  in  longitude  0°  4A'  SO'  W^ 
Oh.  fi4m.  82s.  too  fast  for  mean  time  at  noon,  and  gaining  daily  15. 4a: 
nquized  the  true  longitude  of  the  ship. 


h.  m.  1. 
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asijir 

10  IS  SI 

Sui^mbMrTedilt.  30  43  30 

-84M 

Dipofhoriion    ...  -    8  SO 

9  18  49 

30  38  40 

Ammkimte   .. 

~    6    0 

m]>s4.t 

»  13  U 

Slu'i  tnw>ldni4«  10  S7    > 

0«Dm33d»i...>m.i4.i» 
0>ia  in  9b.  IBm....  +    S.* 

Uog.  ct  Dim, 

+  M    IW 

Suii'ilLA..U»18.  4  IB    S 
Carr.forSb.SSni....+    137 
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...  30  37 
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...    0  47JN. Saout...  O.OOOOi 

...147  38 

,..  73  44 Co-*Iiie  .  B.  44733 

...43    7 8tiM 9.83473 

...    S  39  S8  E Log. 9.3386S 

..  16  19  19  — — - 


E^at  Oreenw.dme.    3    C5 


Lm^tDda  In  time )  19  18  =  1»>48'S0"  Wan. 

Note.  The  mean  time  at  the  ship  or  place  of  obaerration  may  be  con- 
pittid  W  nidtitiide  of  «  planet  or  the  moon,  by  the  rales  in  pigea  £86,  C3S, 
wibkb,  being  ooapaicd  with  the  mean  time  at  Gieeiwidi,  deduced  fins  a 
dnonometer,  will  ^ve  the  longitude  aa  in  the  preceding  Examples. 


mt  FlHMKO-ltHfi  tOMGmtDB'  BY  ^BEMtOMECBMi  fgti 

In  the  last  two  Examples  the  eiton  of  the  chronoBietm  ue  given  fbr 
the  places  vhere  the  rates  were  uoertwned ;  but  as  it  may  be  more  con- 
renlenl  to  have  their  errors  oft  mean  time  Rt  Crreneiiiricfat  these  B*y  b* 
obtained  br  ap^ying  the  longitude  in  time  to  the  mean  time  «t  tbeplade 
of  obseryatiDii  (subtracting  in  east  loiwitude,  and  adding  in  vest) :  the  remih 
will  sheir  the  mean  time  at  tireenwico. 

Suppose  (Example  V.)  that  by  an  obserraticMi  taken  at  Bombay,  Jantl* 
ary  \6,  1835,  the  chronometer  shewed  at  mean  nooD  lUh.  4Ma.  18t> : 
required  its  error  on  Greenwich  mean  Ume. 

h.  m.  1. 

Mean  time  K  BMnb*^  (ineao  dddh)    MOO  JtaoKJ  IS. 

Ixmginde  of  Bombay  In  time - 4  SI  W  E. 

ComspoDdlDg  mean  tima  M  Oreenwlch 19    8  81 

Hcaa  tima  ihswii  by  the  tHaonamMtr   18  IS  IS 

Chroaometer  Ubk  tot  Onmwlcb  ntMo  time 0  M    4 

Then  to  find  the  mean  dme  at  Gteenwich  when  the  altitude*  wwe  takeo 
on  January  S7th,  we  should  proceed  thus :  , . 


a  for  Oraeniricti  tn 


lUtan  tima  u  Oraenwlch  wban  altitudn  weie  token...  23  U    8 

In  Example  VI.  suppose  May  5, 1835,  at  St  Helena,  the  chronometes 
■hewed  Oh.  54m.  SSs.,  when  it  was  mean  noon  at  that  place :  teqiuied  itfl 
error  oa  Greenwich  mean  time. 

Meu  timt  tt  St.  Helen*  (meui  noon)   0    0    OHayS. 

longitude  tf  St.  Helen*  .« 0  SB  4  W. . 

Comqxmdlng  mmu  thne  U  Oreenwidi 0  83   .'I 

ISma  time  ihewn  bj  tlie  chronomelar   0  S4  38 

CbmaaaMez/ail  for  Orauwldi  maao  time  .„.._....    0  31  SI 

Then  to  find  Greenwich  mean  time  when  the  obeerrations  were  mode, 
tfaySSth. 

Mean  tbM  by  dumomMer „... 10  IS  II  IbytS. 

Original  enor  for  Greenwich  mean  tin*  (May  f)    ...  —  SI  SI 

0  41  SO 
„._._.„.„..„....... -90 

Hmb  draeMGiaenwidiiwlianaltltndaiweietBksD...    9  35  60 

When  Mvenl  dumunoetett  are  on  bond,  the  time  ihewii  by  OM  of 

b*ni»  with  a  COTieepooding  set  of  aldtodeo,  wiD  sem  to  find  tbc  longitude 

Kk!2 


IBM  ox  rmniiM  tbk  u>h«tdob  *y  chiqhumbteu. 

hy  diem  alt ;  tat  this  purpoM  the  obeerver  ii  to  compare  one  of  the  cfaiS' 
DMiieten  wi^  esch  of  the  othen,  immediatelj  befere  the  obati  ftdoia,  and 
note  thdr  difletenoe* ;  theae  differenceB  are  to  be  q^Ued  to  the  mmi  <f 
the  tifflea  ihewn  by  the  above  chronometer,  when  the  altitudes  are  taken, 
winch  will  give  the  corresponding  times  by  eadi  drosMnet^.  To  tbcae 
apply  Uieir  original  errors  and  accumuUtcd  ratei,  and  the  result  will  be 
toe  aeveral  mean  times  at  Greenwich,  or  other  mnidiau  to  which  the 
dironometers  are  act ;  the  differences  between  which  and  the  mean  time  at 
ship,  deduced  &om  the  altitudes,  will  give  the  longitude  according  to  eacb 
chronometer. 

It  is  the  practice  with  many  persons  to  use  a  good  podret-watch,  baviag 
a  hand  that  points  out  seconds,  instead  of  noting  the  times  by  one  of  the 
chronometers.  When  this  plan  is  adopted,  the  compansoos  are  to  be  made 
before  the  obeerratioiis,  as  above  directed,  and  the  di^reoces  i^^dkd  Is 
the  dmes  shewn  by  the  watch  when  the  altitudes  are  taken. 

To  ensure  accuracy,  it  may  be  advisable  to  compare  the  watch  with  die 
chronometers  immedutely  afler  the  observations  are  nwde ;  and  if  At 
dtffeiencea  be  not  the  same,  a  proportional  part  of  the  change  of  diflqeoees 
should  be  implied  to  those  shewn  Mfore  the  observation. 

EXAMPLE  VII. 

November  15,  IS34,  a  chronometer.  No.  Ifi6,  was  5m.  13s.  slow  tat 
mean  time  at  Greenwich,  and  losing  daily  6.  4s. 

January  24,1835,  (January  X6th  A.  M.  civil  time),  in  latitude  9e>53'SL, 
the  followmg  altitudes  were  observed,  with  the  corresponding  tiraea  by  dw 
above  chronometer,  which  bad  been  previously  compared  with  Nos.  S84, 
S76,  and  807 :  required  the  longitude  by  each  chronometer ;  also  the  hn- 
gitt^  brought  up  to  noon ;  the  ship  having  made  10  miles  of  lon^tnde 
west  between  the  time  of  observation  and  noon ;  the  height  of  the  eye  Dong 
SO  feet,  and  the  index  error  of  the  sezUnt  1'  to  add. 
Timn  b;  ohrDo.  No.  150.  Alu.  Sun'i  L.  L. 

16  87  18 M  S3  15  Dallr  Idm  nf  du«D.  No.  15B,  C4 

88    I S9  M  D*nd>|iMiluDcaN<iT.  1&,      n 

88  47 89  ao  . 

' —  SO)  44I.S 

3)    114    4  S5  S5  ■ 

— ^  '  '  LoHiii70da]«.„„.,„  fpi.K.llt. 

Hmm 1886    I t48ISa  DitM  In  16b.  4<Bi.  ...  .f       4.8 

Oi%*B«l error  +    SIS    IndsxciTOr +    1    0  . 

•^.^_—  .  AocmoBlsMd  nM.u...  TnvSLfc 

16  48  14  UtaSt 

A«aam.nt«..  4-    7  88    Wprfhoriiw -    4  17  o     .    . 

8uii'id«din.,Ju>.34,  10  18  SS. 

••"    O'»oorr.  (XVni)  -    187        17h.=618''." 


24  86  88       OrMnwidi 
Siut'i  MmidiameMr  +  16  16 

O'*  true  altiMde...  S4  49  54    Sun'i  polir  ^unoe-  70  51  48 
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Tojbtd  tke  Sate  of  a  Chronomtter  or  TVmefeMper. 

When  a  cfaronoineter  is  leceired  from  the  rnxker,  or  person  to  whose  can 
it  hu  been  entnisted  to  regulate  its  going,  a  DiemoraDduna  is  alvays  ^Tea 
with  it,  sttdng  how  much  it  is  fast  or  slow  for  mean  time  at  the  m^idiaii 
of  Greenwich,  or  any  other  ^ven  place,  on  a  given  day ;  and  its  daily  rate 
of  going,  that  is,  its  gain  or  loss  in  iti  hoius  mean  time,  in  secontU  and 
tenths  at  a  second :  these  particulars  should  be  entered  in  a  book  kept  for 
the  purpose  of  carrying  on  the  sum  of  the  duly  rates,  or  the  total  gain  or 
loss  of  the  chronometer,  to  each  day  at  noon ;  so  diat  the  acctmiulated  rate 
may  be  readily  known,  without  the  trouble  of  calculating  its  amount  trnaj 
day  of  observation.* 

Should  the  rate  of  a  chronometer  continue  alirays  nnifoim,  the  lon^tode 
is  to  be  found  as  shewn  in  the  preceding  f9ge» ;  but  as  tbe«e  instniments 
are  liable  to  -nrf  their  rates,  it  u  necesaarr  to  examine  their  going  when- 
ever  opportunidee  present  themselvea :  ana  Ibis  mav  eaoly  be  done  wIkb 
the  ship  is  in  harbour,  or  in  the  same  place  two  or  three  weeks,  by  taking 
a  set  of  altitudes  when  the  sun  is  at  a  proper  distance  from  the  meridiao, 
from  which  the  mean  time  at  the  place  of  observauon  may  be  obtained ;  the 
diflerence  between  which,  and  the  mean  of  the  times  pointed  out  by  tiM 
chronometer,  will  give  what  it  u  fast  or  slow  at  that  meridian. 

Immediately  before  the  ship  sails,  repeat  these  olwervations,  and  find 
again  how  much  the  chronometer  is  fast  or  slow  for  mean  time ;  the  ^tta- 
ence  of  these  enors,  when  th^  are  both  of  the  same  name,  or  their  snm, 
when  of  contrary  names,  will  be  the  whole  gain  or  loss  during  the  interval 
between  the  two  observationa :  therefore  to  find  the  daily  rate,  aay,  as  the 
interval  of  time  is  to  24  hours,  so  is  the  whole  gain  or  loss,  to  the  wly  rate. 

If  the  chronometer  be  fast  at  the  time  of  the  first  obserratimi,  and  the 
error  be  increasing,  it  is  evidently  gaining  on  mean  dme ;  but  if  decreaang. 


the  emn  incieainng,  it  is  loong ;  bat  if  the  enor  be  deoeaang, 


It  i»  loans; 
tion,  and  1 
itisnining. 

The  rate  deduced  from  the  comparison  of  the  errors,  is  founded  on  the 
Buppoddon,  that  the  motion  of  the  chronometer  is  uniform  durii^  the 
intetval  of  dme  between  the  observationa ;  but  should  that  not  be  the  case, 
these  observations  will  not  detect  its  irregularity :  it  will  tbeiefive  be  pmdent 
to  take  the  observations  as  frequently  as  circumstancea  will  permit,  by  vrfiid) 
several  jates  will  be  found,  difFering  perhapa  a  little  from  each  other ;  but 
die  mesas  of  these  may  be  conaiderea  as  the  true  rate,  and  employed  as 
such  in  subsequent  obaervations  for  Bnding  the  lon^tnde. 

If  any  tif  the  rates  found  as  above,  shoiud  differ  materi^y  fh)m  tf)e  rest, 
audi  rates  should  be  altogether  ngected,  as  probably  arising  from  some  aax 
in  die  observadons,  or  inegularities  in  the  going  a  the  cmonometer. 

When  several  observations  are  taken,  bvsame  of  which  the  dmaMDetcr 
U  found  to  be  gaining,  and  by  others  losing,  take  the  difl^mue  betwe« 

'  Book*  ruled  tot  tUi  pmpon  may  b«  had  U  lb*  FobUilMn'  at  tlw  pnaant  Wgd. 


OH  FINDmO  THE  <L01fGITItDV  BT  CHKOHOHBTERS.  tSi 

the  sum  of  «U  the  gainings,  an  j  the  sum  of  all  the  loabgs,  wBidi  diiide 
by  the  number  of  days  elapsed  while  it  was  under  trial,  and  the  quotienf  will 
be  the  mean  rate,  »f  the  same  denominadon  with  the  greater  quandty. 

The  method  of  finding  the  rate  of  a  chronometer  by  oldtudea  taken  in 
the  usual  way,  from  the  norizon  of  the  sea,  is  well  adapted  to  the  practice 
of  seamen ;  and  if  ^e  observadoUs  be  taken  with  care  and  skill,  the  rate  so 
found,  may  be  sufficiently  exact  for  the  usual  length  of  a  We8t  India  "voyage: 
but  it  must  be  ab>erved,  that  if  there  be  an  error  in  the  duly  rate,  ranee 
that  error  accumulates  every  day,  the  longitude  deduced  from  the  chror 
nometer  at  the  end  of  a  long  interval,  may  in  that  case  be  wide  of  the  truth. 

The  ntt«  may,  however,  be  found  neatly  as  correct  w  with  an  astro- 
nomical  clock,  bv  equal  or  ringle  aldtudes  taken  on  shore  with  a  sextant 
and  an  artificial  hoiiaon :  indeed)  these  two  instruments  may  be  considered 
a  portable  observatory,  and  a  person  with  their  assistance  will  be  enabled 
to  T^ulate  cluonometas  wherever  he  may  chance  to  stop  a  few  days.  And 
here  we  must  remark,  it  is  not  necessary  to  take  the  chronometer  an  shore  tat 
Hat  pnrpose ;  for  if  the  observer  have  a  good  watch,  that  shews  seconds,  H 
mar  be  compared  with  the  chronometer  immediately  before  he  goes  on  shwe ; 
and  the  ^ff«rence  applied  to  die  mean  of  the  dmes  pointed  out  by  the  asnst* 
■nt  watch,  when  the  aldtudes  are  taken,  will  be  the  time  by  the  chronometer, 
correspondins  to  the  mean  of  the  aldtudes.  In-fact,  the  rate  should  always 
be  ascertunea,  if  possible,  when  the  chronometer  is  on  board  ship,  where 
bong  once  fi«d,  it  should  on  no  account  be  removed;*  jbr  it  has  been 
found  W  experience,  that  the  modon  of  a  chronometer  is  generally  accelerated 
sAer  being  received  on  board,  whereby  a  losing  rate  will  be  diminished,  and 
a  gaining  one  increased :  this  eSect  has  been  ascribed  to  "  the  magnedo 
action  exerted  by  the  iron  in  the  vessel  on  the  inner  rim  of  the  balaace, 
which  b  made  of  steeL''f 

When  the  modon  of  a  chronometer  is  accelerated  after  its  rate  has  been 
determined,  the  lonntude  resulting  from  observadons  made  with  it,  will 
be  to  the  westward  of  the  true  longitude ;  and  wbni  its  motion  is  letaided, 
it  wOl  give  the  lon^ptude  too  far  to  the  eastward. 


*  Chradometan  ilunild  ilirayi  be  placed  a-inidahipa,  and  m  lUfiT  "  povlbla  to  &i 
■Up'a  Motre  q£  motioa ;  but  U  tho  ume  lime  M  a  dijtance  firom  the  iioa-work  <d  the  ihip. 

Cammuider  B.  Owen>  R.  N.,  who  lui  bad  MMuidenUe  aKperieDce  w  a  Navigator,  raeom* 
aimit,  tM  ihe  Icait  objecUondile  metliad  of  fixing  divnometen,  that  of  haflag  a  table  hun; 
OD^boU,  wi^a  wd^t  of  from  20  W  M  lb*,  nupeaded  nnderneaAi  ia  tbemamiBrof  an 
■»Duthamipaa*,NthatthaeaMreaf  gravity  be  a>  near  the  eeotn  of  jtamotion  aapaaiU^ 
to  pennit  it  to  Iceap  ita  lard  penBanently,  whhont  b«lDf  lubjeot  to  vibiBta,  and  thaaxa  of  the 
ruoboti  to  Turk  in  ariuxitli  ■tufled  leather  udteti,  beting  aguiutipringi in  ereiydireodon; 
thns  (pringa  beliig  neilher  too  itiff,  nor  too  lanilUe,  fir  tbe  weight  thej  are  to  luppan.  The 
pOlui,  or  nand  fyr  the  loekeu,  to  be  a  Oztura  in  the  ilk.  The  ehraaooieten  to  be  phcod 
m  tmall  paititioM  <n  the  table,  and  to  ba  wedged  leoaralT  in  their  plasea  bj  toft  mihima. 

CMBmander  O.  ■!■«  obaerrea,  that  it  t>  aooetimM  the  praotke  to  keep  ehronameian  <|iar> 
ttcolaiir  the  «n«U  ca«  otua)  in  dnwen ;  but  thii  ii  ver;  objectloaable,  on  aocount  of  tha 
epMuog  and  diutiing,  which  li  niffidant  of  itielf  to  derange  them. 

t  SeeIfr.Fuh«t'iPaperontheERonInLonalnide,udet«n[iiiMdby<3iioiianietenu8*% 
nedbefbretheB«T«laaaety', JnnaB,18M..fUL/rmB.Uai>,f.>l7<  -  ' 
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We  ihall  now  proceed  to  iDuBtnte  the  fot^in^  nila  and  temarkt  hj  • 

few  Exunplet.  ■  '  ^  — 


October  2,  a  chronometer  vu  lOm.  Vt.  8a.  fmrt  it  noon  for  meiD  tim 
Greenwich;  and  October  11,  at  noon,  it  was  llm.  19-  7s>  tkmt  for  the  ■ 
meridian :  required  the  daily  rate  of  the  chronometer. 


9)0    M.»  =  Bidiitatda7i. 
thajnta...    0      4.1  gmiDinf. 


EXABfPLB  II. 


At  noon,  June  13,  a  chionometei  wa«  Sm.  37s.  &st  tor  mean  tim 
Greenwich;  and  at  noon,  June  25,  it  was  9m.  13. 6s.  fast  for  the  i 
meridian :  lequiied  the  duly  rate  of  the  chronometer. 


Jute      »  -  -        tut S     IS.  8 

Intam]  M  d*ri.  19)1    99. 9  =  Ion  in  U  ^lyi. 

DdljrnH...    0      6.9  lodng. 


Febroary  2,  at  noon,  a  chronometer  was  Im.  10s.  fast,  and  Febraaiy  SSy 
at  noon,  was  Om.  50s.  slow,  for  Greenwich  mean  time :  required  the  dttly 

rate  of  die  chronometer. 

Febniary    9        ChroiuoiataT  wu  tut I     10 


91)  1» 
DnUynU...   S.7i.  lodi«. 


EXAMPLE  I\'. 


November  5,  by  an  observation  taken  at  4h.  90m.  P.  M.,  a  duoncnncta 
was  found  to  be  !lh.  10m.  458.  slow  ;  and  on  November  17,  at  7Ii.  SAn. 


OKjr^UIlUlG  jmi  i.QSQlIU»S  BY  CHKO{<I)HBTBU.  ^7 

A-  ^.  (cint  time),  it  wu  ^  13m.  SCs.  dow  at  the  ■» 
Kquured  the  daily  rate  of  the  chtonomeler. 


November  IS 

M 

■t 

19    S8 

ChnmoDicMr  wi 
Lo.  dories  tb. 

» ilow 

■lOV..... 

latwnl-. 

9 

10m.  Ui. 
13     86 

JwmtcL..  H 

imjt 

Uh 

Iftn. 

db. 

lm.Sl*. 

Then,  As  11  dayi  15h. :  9*bovn  :  i  8m.  51b.  :  14. 7i. 
Hence  the  duly  nte  of  the  chronometer  ii  14;  ?■■  lomng. 


EXAUPLB  V. 

Kvf  1, 1835,  At  Falmouth,  in  ktitode  50^  9*  N.,  and  longitude  B>  i'W., 
tX  18b.  45m.  mean  time  (being  May  2d,  at  6h.  45m.  A.  M.  dvil  time),  the 
foUowing  altitudes  were  taken  with  an  artificial  horiion,  for  the  pnipose  of 
■icfftaiiiing  the  duly  rate  t^  a  cbroaometer  which  had  been  previously  set 
Co  GreenwMh  mean  Une ;  tlie  index  error  c£  die  sextant  being  1'  85"  to  be 
uUed. 


IB  10  SO  87  48  U  Louittide  in  lime. +  90  W. 

It  M  U    i  M  

UM  88  80  U  Tim*  M  Oneowtdi  ...IS    S     L(«.  09H  <XXXIIIv 

ruutiaaardM.lnMtu»n  Itf   9*  Log.  1918 

8)  88    I  lU  la  SO  o     ,     »  — 

Tuiatiim  tn  19h.  Sm....  +  14  98    Ln.  9900 

18  1940  88    480  SnD'«dM.MDCND,Marl,l4  S6  IS  N.(P.  IL  N.A.) 

xerroT  +     I  83  1 


10    0  97  Snm lOB  41  8S  78 

Sdb'i  — -"ti—^  +  IS  SS  BM-mia fi9  SO  49 8i]M...  O.OOISM 

DifferenM „.  8S  4S  41  S97 

San'ttRMiMbida.  18  18  90  Half-dUTaiwiM    17  89  60  ...._...8iM_.  8.486860 

90  h.  m.  1.  

—^ A».  dine  &«iD  Mon  ...    S  11  81  ....„...Ub„.  9.S97SS. 

Eon-iMDithdfit....  70  43  40  94 

App. tiiMUF*Imaiitlt.  IS  48    9 

qA«  ^  fiqiMlloii  of  tLpie ■  ^38 

Hcftlma,M*rl  ..  t  W.t  

C<r.brlBh.5mi.(LiI.)+    8.1  Heu  time  at  FiliDOath  18  4S    $ 

--■^.  Ditto bj duaDiuMar...  18  19  40 

H M OiMuw. time .  8     8.0  

—  Chnm.  (kft  fiv  meridlaii )      «.  •« 
M.Tl..f     *'" 
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May  2d,  1835,  at  Falmouth,  at  l^h.  -Wm  mettn  time,  (b^ng  May  8, 
at  6h.  50iii.  A.  M.  civil  time),  the  foliowing  observations  were  takea  with 
the  tame  initnimenta  aa  before,  to  find  the  duly  rate  rf  the  chnmometer. 


°     '     "  Time  at  Falmoutb 18  60 

I        40  10  30  Laupnids  In  time +  SOW. 

t  !3  IS  

1  37    0  Time  at  Onanwidi  19  10    Log.  QS77  (XXXUI). 

Variation  of  dec.  in  84  boon  17' 54"  Log.  1274 

I  70  45  o     ,    -  

Variation  in  19b.  lOm...  +  14  18    Log.  39S1 

i        40  S3  85  BuD'i<lec.BtDOon,MayS,  15  14  43  N.  iP.  II.  N.  A.) 
+     I  35  1 

Ditto  at  Greenwich  Unw  IS  S9     IN. Secant  O.0IC8H 

S)40  25  I*  LMitude   »    50    9    ON Secant  O. USUI 


!U  10    «  Sum  I0<  IS  57  If 

Sun'i  wmidiamatOT.  +  15  53  Half'^um Si    6  SB  Sine...  ft.897IS) 

Difference 34  53  59  3K 

Sun"!  true  altitude .  >0  36    a  UaU.diffBranae 17  86  50 8in«„.  9.47B1* 


Sun'i  iralth  dltt....  S9  33  £8  81 

App.  time  at  Falmouth,  18  H    0 

m.    1.        Equation  of  time. —    S  13 

Eq.oftinie,  Maji...  8     7.5  

Cwr.farl9h.lDm.(LI}  +    5.5     Mean  time  at  Palmouih  18  SO  47 
-  Ditto  bf  cbrononiater...  IB  18  19 

E%  at  Oraenw.  time .  3    18.0  

^-^—    Chron.  fan  for  meridian  1      «  oi 

of  FaIcloua^  Mar  8  .  J      "'  *' 

Ditto.        Hay  1  ■        97  37 

Daily  rate  of  chronometer       0    8  It 


May  5,  1835,  at  Falmouth,  at  18h.  45ni.  mean  time  (being  May  6,  >t 
Oh-  4Sm.  A.  M.  civil  dme),  the  following  altitudes,  with  corresponding  times, 
were  taken  vith  the  same  iostrumenta  as  before,  to  find  the  daily  rate  of 
the  chronometer. 
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B«ltitn^.  19  83  4S 
90 

Sna'ttMiithdiit....  70  341  14 


E^.  at  Oi«an«4ch  time  3  31.3 


Time  u  Fklmwitli 

Longitude  in  time 

Time  M  OrMawioh  ...«..,. 
Vuifttion  of  dec  in  24  boun 

Vaiiktiou  In  ISIi.Sm...,  + 
0-|dacaliu»a,H>y5,  16 

Ditto  ■!  Oraen«.  nme  .  IS 
Latitude   6tt 

Differanoe. 
Zenith  dii 

Halfoiim 5S 

Difference 86 

Half.Hliffei«nee. IS 

h. 
App.  time  from  Doon  ...    5 

App.  time  at  Fain 

Equation  of  time. — 

Mean  time  at  Falmmitli  IS 
Ditto  by  cbronometer...  19 

Chnin.  iait  for  meridiaii  | 

at  Falmoath,  May  fi  .  f 

Ditto,         Hay  9  .... 

LciMlaSdayi   3) 

Daily  rate  of  chronometer 


h.  m. 

18  4fi 
+  80  W. 

19  S     Log.  0996  (XXXIII). 
ir   6"  Log.  1479 

^3  £l     IxMC.  !1jH 

7  38  N.  (P.  II.  N.  A.) 
g 

81   14  N Secant  0.017988 

9    ON. Secant  0. 193891 

47  48 
86  14 

84     0 

18    0 Sine.„  9.897719 

48  88  89 
94  14  Sine...  9.499204 

16  31.5 Log....  9.60883. 

43  98.fi 

8  31.3 

39  57. 8 
7  II 

>7  13.8 
97  81 

0  17.8 

0    5.7  loung. 


Mty  7,  18S5,  at  18h.  35ni.  mesa  time,  the  altitude  of  the  sun's  lower 
Umb,  taken  as  b^ore,  and  corrected  for  index  error,  was  18°  SO  37",  when 
die  chronometer  shewed  19h.  Om.  3b  ,  by  which  it  will  be  found  that  the 
mean  time  at  Falmouth  was  18h.  33m.  Ss.  when  the  sun's  altitude  was 
observed;  and  the  chronometer  fast  S7m.  Is.;  which,  compared  with  its 
error  on  May  5,  pvea  its  daily  rate  6.  48.  loang. 

Again,  May  11,  IRSS,  at  16h.  35m.  mean  dme,  the  altitude  of  the  sun's 
lower  limb,  taken  as  before,  and  corrected  for  index  error,  was  19^  2'  iS", 
when  the  chronometer  shewed  18h.  S7m.  49h.,  which  gives  the  error  of  the  ' 
chronometer  for  the  meridian  of  Falmouth,  26m.  35.  5b.  fast,  and  the  duly 
rate  6.  4fl.  losing. 
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tf  81      — JoHialdajc...  CO  =  «.0 

"M|.g kiMlaS4.}a...l7.S-^*  =  5.7 

;;t58B,B--.-l«i«*d»J«-»-»-T-*  =  »-* 

lMiiBlOd>T^.«l.S        4)  a4.s 

MMndKDrnM...     CU 


Or  61. 5«.,  the  total  Iom,  divided  by  10,  the  maaber  of  days 
between  the  fint  ind  lart  obaerratioDS,  girea  the  meaa  diil]r  nte  6.  Ifia. 

Hence  it  ^ipears  tlut  on  Mar  11.  «t  1^  61m.  49s.   (May    IS,  «t 
'^.  57m.  49t,  A.  AL  civil  (ime)  toe  dwononeter  tbs  fut  fi»  the  x — '■^— 


of  Falmoutli,  Stim.  35.  Ss.,  and  loung  duly  6. 12s. 

Or  if  the  longitude  of  Falmouth  in  time,  (SOm.  8i.  W.)  be  added  to 
1 8h.  Sim.  13.  &■.,  the  meaa  time  at  Falmouth  when  the  obwrration  wh 
made  Mar  11,  it  will  give  the  mean  time  at  Oreoiwich  18b.  51m.  £1.  Sa., 
which,  BODtracted  from  18b.  67m.  49b.,  sbewg  that  the  chronometer  wat 
6m.  S7. 5a.  &it  for  the  meridian  of  Greenwich. 


It  ii  essential  that  the  aldtodes  used  for  findii^  the  tate  of  a  i 
meter  should  be  observed  about  the  same  time  m  each  day,  or  that  the 
proportional  part  of  the  gain  or  loss  should  be  found ;  for  as  the  daily  nte 
IB  the  loss  or  gain  in  fti  hours,  it  ft^ows,  that  if  one  oboervatioa,  for 
instance,  be  taken  in  the  moming,  and  anotha-  in  the  afternoon  of  the  fid. 
lowing  day,  the  interval  being  jnoie  than  a  oouplete  day  of  24  boon,  the 
diSernice  (rf*  the  times  by  the  chronometer  will  be  more  uian  the  daily  rate. 
Let  ua  suppose  that  the  d>ove  series  of  observations  were  continued,  and 
that  on  May  13,  altitudes  were  tdien  in  the  aAemooa,  by  which  it  qipeared, 
the  mean  tune  at  Falmouth  was  6h.  16m.  20s.  P.  M.  wlten  the  cbnRHnnelB 
ahewed  5h.4Cu.  46.5s.,  and  was  thcrefiirriiSm.  %&  5s.  fast  for  mCMt  itme 
when  the  observotiaitB  wan  taken. 

Ua,jU4.  lBli.Slni.lS.6i. 
MajU      S     II     » 


1«    4S       t.S 


The  dmnometer  therefbve  lost  9b.  in  1  day,  lOh.  45m.  =  S4li.  4fihi.  « 
86  hones  nearly :  consequently,  sb  35h. :  9b.  : :  S4h. :  6.  Ss.,  the  daily  rate 
reqiuted. 

Thiee  or  mora  chnmoneters  may  be  compared  toge^er  daily,  and  s 
jtidgnent  tbence  fimned  of  the  regulari^  of  thdr  going :  aa  for  n-^ 
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■nppwe  the  compiriem  be  na^  each  day  aboM  adoa  widi-tbm  d*4D&- 
meters :  the  awumed  rate  o£  No.  1  being  Sa.  guning ;  of  No.  S,  6s:-gnii- 
u»;  and  of  No.  3,  6s.  loah^ ;  let  the  companMHia  be  made  as  in  the 
fi&wing  Tablee : 


Compariton  <^  No.  S.  mUh  No.  \. 


Companton  qf  No.  3.  witk  No.  1 


1 

i 

Chni. 

am.   1  Fint 

Sw. 

& 

Nd.1. 

Na.%   ■  Diff. 

Dia. 

b.m.1. 

fa.qi.*.  1  m... 

Wit 

0  10  40 

0  90  3S'    »  B3 

9 

0   1S30 

0  Oa  2ft|    9  W 

0   1ft  30 

0  se  18     &  58 

e  11  U 

e  ai  M 1 10   1 

•  13    6 

«  S3    S : 10    4 

0     8U 

0  18  67    10    7 

0   14  4S 

0  34  66    10  10 

0  20  3S 

0  30  48    10  13 

0  16  lelo  2S  3fl  10  le 

lit 

0    IS     0]0  06  19    10  19 

1 

1 

Cluo, 
Ho.1. 

Oiro. 
No-S. 

Firn 
Diff. 

3m. 
Wff 

Mm 

10 

h.m.1. 
0  II  10 
0  13    • 

0  la  10 

0  11  66 
0  13  M 
0    »  16 
0  Ift  M 
030  60 
0  IS  66 
0  IK  40 

h.  m.«. 
«    e  49 

•  8S7 
0  II  30 
0    7    8 

•  8  06 
0    4  14 
0  18  10 
0  18  33 
0  10  31 
0  II    7 

4  S6 
4  S3 
4  40 
4  46 

4  04 
6  1 
6  10 
0  18 

5  24 
»» 

Duly  dlff.ihoaU  be 8 


Dvlr  loM  of  Na.  >.... 
DiUydiff.  ihouMbe... 


Copiparittm  of  No.  3.  »itk  No.  2, 


— 

1 

i^ 

Chro. 

Chro. 

Fint 

Sec. 

5 

NaS. 

No.  3. 

DIff. 

Diff. 

b.  m.   1. 

h.  Dk  *. 

m.  1. 

a. 

Hit 

0  St  30 

0    7  43 

13  47 

to 

9 
10 

9 
13 
II 

9 

0  36  10 

0  la  s 

14    8 

0  23  30 

0     8  IB 

0  24  10 

0    943 

14  27 

0  18  00 

0    0  l» 

14  38 

7 

0  30  10 

e  loss 

14  48 

0  31    0 

0  IS    1 

14  on 

8 

0  2«  10 

0  11     2 

16     8 

10 

0^30 

0  19  10 

10  S8 

, 

Ddlydiff.ikoiildU   . 


Now  by  compaiinff  No.  ft  widi  No.  1 ,  we  6nd  that  No.  2  is  r^tdariy 
gabntig  daily  Ss.  on  No.  1,  equal  to  the  difference  of  dieir  rates ;  again.  No.  8 
being  compared  with  Na  1^  their  daily  difference  (which  should  be  8b.,  the 
Bum  of  their  daily  rates,  because  one  is  gaining,  and  the  other  losing)  appears 
to  be  irr^ular;  and,  lastly,  No.  3  compared  with  No.  9.,  gires  also  irr^ular 
diflerences,  which  ^ould  be  11b.,  the  smn  of  dmr  rates :  heme  wfl  eaaaude 
tfaat  No.  1  and  No.  %  are  going  Btead3y,  but  that  No.  ft  n  going  nty 
indifferently. 
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In  windiiig  np  a  chronometer  that  i>  going,  great  caution  sfaodd  bt 
olMemd,  not  to  pre  it  drculir  modon,  which  would  alter  its  rate  woat 
■Bootid*,  or,  periufiB,  even  stop  its  going ;  bat  when  a  chronometer  is  oace 
ni&nd  to  run  down,  it  will  not  acquire  new  motion  withoot  pying  it  tn 
or  three  quick  hwiiontal  circular  turns;  and  it  niustbe  observed,  thatwhca 
it  bia  once  stepped,  though  for  erer  so  short  a  period,  it  will  not  recover  the 
regularity  «f  its  motion  for  some  days  after,  and  conseqnendy  no  reliaBn 
on  be  ^aced  on  its  perfcomance,  until  its  rate  be  proTed  iy  sabseqoeM 
obserrationa. 

A  chronometer  should  be  wound  up  r^ululy  at  the  same  time  of  die 
day,  and  great  care  taken  not  to  give  the  key,  first  half  a  turn,  then  s 
whole  turn,  sfterwards  three-quarters,  and  bo  on ;  for  this  irregular  Hiode 
of  winding  up  will  sometimes  very  materially  alter  its  rale,  and  should  be 
as  carefulfy  avoided  as  circular  motion  :  it  is  therefore  advisable  always  to 
to  turn  the  key  gendy  half  round  at  a  time,  until  the  spring  be  iround  i^ 
The  chronometer  should  also  be  examined  before  the  case  is  shut,  to  aaca- 
tain  whether  it  continue  going,  as  somedmes,  when  wound  up  in  haste,  and 
the  chain  overstrained,  it  will  be  liable  to  stop. 

Chronometers  are  of  great  utility  in  carrying  on  the  longitudes  deduced 
from  lunar  distances,  from  one  day  to  another,  so  that  the  results  of  a  num- 
ber of  observadons  may  be  brousht  to  one  point  of  time.  Also,  the 
apparent  time  found  by  altitudes  taken  at  a  proper  distance  from  the  meri- 
dian, being  carried  on  by  the  chronometer,  will  answer  for  any  Im — 
obsnvadon  taken  in  the  course  of  S4>  hours :  in  fact,  whenever  it  is  rer"'' 
to  measure  short  intervals  of  time  accurately,  or  to  ascertain  the  difii 
of  longitude  between  adjacent  places,  these  instruments  are  of  the  greatest 
importance. 

The  method  of  carrying  on  or  dedndng  the  time  of  taking  distances, 
to  the  dme  of  taking  aldtudes  for  the  chronometer,  may  be  illustrated  as 
followB :  suppose  that  altitudes  are  taken  for  ascertsirung  the  longitude  by 
chronometers,  and  that  afterwards  a  set  of  lunar  dbtances  be  observed ; 
take  the  ^psed  time,  as  measured  by  the  chronometer,  from  observii^ 
the  time-altitudes  to  ^at  of  observing  the  distances,  and  when  the  time 
at  Greenwich  is  deduced  from  the  distances,  subtract  this  elapsed  time 
from  it,  and  the  remainder  will  be  the  dme  at  Greenwich  when  the  alti- 
tudee  for  dme  were  taken,  md  will  produce  the  luigitude  at  that  time, 
and  not  when  the  distances  were  observed.  On  the  contrary,  if  «  set  of 
lunar  distances  be  token  before  the  altitudes  are  observed  to  tmd  the  appa- 
rent time,  then  the  eliq»ed  time  must  be  added  to  the  Greenwich  time, 
to  bring  the  longitude  to  the  time  when  the  altitudes  were  taken. 

Or,  which  is  precisely  the  same  thing,  ascertain  by  the  altitudes  bow 
much  the  chronometer  is  too  fast  or  too  dow  at  the  meridian  (^  the  place 
of  observation  :  tins  error  being  applied  to  the  mean  of  the  times  Inr  die 
same  chronometn,  when  the  distances  are  observed,  will  reduce  the  uoigi- 
tude  by  the  lunar  observation  to  the  meridian  where  the  error  was  asc^- 
tuned ;  consequenUy,  will  give  the  longitude  of  the  ship  when  the  dme- 
altitudes  were  observed. 
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EXAMPLE. 

Much  16, 1835,  a  set  of  tlbtudes  vbb  Uken,  whidi  give  die  mmi  time 
M  ihip  4h.  4Sin.  398.,  when  a  chnmMneter,  haviiu  no  nte,  shewed 
Sh.  48m.  6^. ;  and  at  7h.  35in.  60s.  b;  the  same  chronometer,  a  set  of 
dittsnces  was  observed,  which  Eave  mean  time  at  Greenwich  7h.  S8m.  88s. : 
required  the  longitude  of  the  snip  when  the  time-altitudes  were  taken  for 
:  the  dirononteter  (see  Example  V.  on  lunar  observations). 

.   Htm  time  bf  chroiuniut«r  when  the  timttdltitndM  were  obMrred    i  4B  S9 
Mnn  time  by  chronnoeur  iriien  tha  diituuM  watt  obaerred   ...    7  3fi  fiO 

InMml  bji  diroDoiiMUr  i  46  51 

Ucu  tiioa  M  Graanwlch  when  the  dJsUocM  ««r«  obMrred  7  9B  3S 

Heu)  time  at  Oreeawidi  when  tlme-alti.  were  taltea  for  cbroo...    t  41  47 
Mean  lioM  at  ahlp  when  time-alu.  were  taken  for  chronometer  ...    4  48  39 

Iiongitude  wliea  time-altitudea  were  taken  for  chroDoroeler  9    I  SS  =  tl°4S' Ean. 

.linn  time  by  chronometer  when  the  time-altitudea  were  obMrred    8  it)  G9 
llcan  time  at  ship  when  time-alticudei  were  talien  for  chron 4  48  39 

Chraaometer  alow  at  the  meridian  of  the  ihip  1  S9  40 

Mean  time  by  chronomelen  when  the  disiancM  were  obMTved  ...    7  31  50 


■   93S  SO 


Mean  time  at  the  meridian  where  iho  altinidei  were  tali 

the diitancee  were  obaerved ..    .       , 

Mean  time  at  Oieenwidt  when  the  dj>tanc«»  were  obierved 7  S8  IS 

Leogltada  when  tlue-altitudee  wer*  talteo  for  ahnmometer >    6  5S  =81°  49'  EMt. 

Observations  of  lunar  distances  may  be  carried  on  &om  one  time  to 
uuther,  so  that  when  the  observer  has  obtained  a  number  of  sets  on  each 
tide  of  the  mooa,  he  may  bring  them  all  to  one  point  of  time  by  the 
chronometer,  and  thereby  get  a  mean  cf  all  the  observations,  which  will 
gve  veiy  neatly  the  true  lonratude,  if  the  observations  be  carefiiUy  made. 
This  may  be  explained  as  follows :  suppose  on  Januaiy  20,  six  sets  of 
lunar  distances  be  observed;  on  the  Slst,  four  more ;  and  on  ihe  iiSd, 
being  the  last  day  whra  the  distances  are  set  down  in  the  Nautical  Alma- 
nac on  that  side  of  the  moon,  six  more  sets  be  observed.  Bring  each  set 
of  distances  to  the  time  when  the  altitudes  for  chronometers  were  taken 
on  their  respective  days ;  then  take  the  diflerence  of  lonntude  shewn  by 
Uie  chronometer  between  the  20tb  and  the  23d,  at  the  tnne  the  altitudes 
for  the  dironometer  were  observed,  which  ^ply  to  each  set  taken  on  the 
SOth ;  do  the  same  between  the  SI  st  and  S3d ;  each  set  will  then  be  bni^ht 
on  to  the  time  when  altitudes  for  the  chronometer  were  taken  im  the  SSd; 
in  all  oxteen  sets.  The  mean  of  these  observations  will,  in  all  prabMhtj, 
not  be  far  &om  the  truth.  In  this  manner  observatitms  may  be  canted 
on,  by  distances  taken  on  the  other  side  of  the  moon,  and  the  nstdt 
deduced  &om  their  mean,  wiU  approximate  still  neater  to  the  Inilli.     ^nia 

L,i._..  .,CioOQlc 


tm  OM  FIMBINO  THE  LOtrOtTlIDE  BY  CHKOKOMSTEKS. 

In  winding  up  a  chronometer  that  is  going,  great  caulian  ihonU  be 
obwmd,  not  to  pve  it  circular  modon,  which  woold  alter  iu  nte  mu 
aeconda,  or,  perbapi,  even  stop  its  goii^;  bat  when  a  tdironometer  is  oon 
mifSaad  to  run  down,  it  will  not  acquire  new  motion  without  nving  it  tie 
or  three  quick  horiiontaldicuUr  turns;  and  it  must  be  obaervM,  tluti^ 
it  has  once  stepped,  though  for  erer  so  short  a  period,  it  will  not  recover  tie 
i^uUrit;  of  Its  motion  tor  some  days  after,  and  cmuequendy  no  relimn 
can  be  waced  on  its  performance,  until  its  rate  be  prored  by  subteqnM 
observabona. 

A  chronometer  should  be  wound  up  r^ulariy  at  the  same  time  of  Ae 
daj,  and  great  care  taken  not  to  give  the  key,  first  half  a  turn,  tha  i 
whole  turn,  afterwards  three-quarters,  and  so  on ;  for  this  irregular  Bodt 


of  winding  up  will  sometimes  very  materially  alter  its  rate,  and  should  be 
as  carefulfy  amded  as  circular  motion  :  it  is  therefore  advisable  slwan  tt 
to  turn  the  key  gently  half  round  at  a  time,  until  the  spring  be  womu  vf- 


The  chronometer  should  also  be  examined  before  the  case  is  shut,  to  txa- 
tain  whether  itcondnue  going,  as  sometimes,  when  wound  up  in  hasCeiWi   , 
the  chain  overstrained,  it  will  be  liable  to  stop. 

Chronometers  are  of  great  utility  in  carrying  on  the  longitudes  dedmd 
from  lunar  distances,  from  one  day  to  another,  so  that  the  results  oti  nim- 
ber  of  observations  may  be  brought  to  one  point  of  time.  Also,  ik 
H>parent  time  found  by  altitudes  tuien  at  a  proper  distance  from  the  meri- 
dian, being  carried  on  by  the  chronometer,  will  answer  for  any  low 
observation  taken  in  the  course  of  S4  hours :  in  fact,  whenever  it  ii  lequiafc 
to  measure  short  intervale  of  time  accurately,  or  to  ascertain  the  difleieDR 
of  longitude  between  adjacent  places,  these  instruments  are  of  the  pttSta 
importance. 

The  roetiiod  of  carrying  on  or  deducing  the  time  of  taking  distincei.  ' 
to  the  time  of  taking  altitudes  for  the  chronometer,  may  be  iUustmed  " 
follows :  Buppoae  that  altitudes  are  taken  for  ascertaining  the  longitude  [7 
chronometers,  and  that  afterwards  a  set  of  lunar  distances  be  ofaeerted: 
take  the  dapsed  time,  as  measured  by  the  chronometer,  from  obserrii; 
the  time-altitudes  to  that  of  observing  the  distances,  and  when  the  tiiM 
at  Greenwich  is  deduced  irom  the  distances,  subtract  this  elapsed  tine 
firoro  it,  and  the  remainder  will  be  the  time  at  Greenwich  when  tbe  ^ 
tudes  for  time  were  taken,  and  will  produce  the  I(»]gitude  at  dist  tioe. 
and  not  when  the  distances  were  observed.  On  the  conftary,  if  s  set « 
lunar  distances  be  taken  before  the  altitudes  are  observed  to  find  the  ^p*- 
rent  time,  then  tbe  elapsed  time  must  be  added  to  the  Greemricb  mt, 
to  bring  the  longitude  to  the  time  when  the  altitudes  were  takea 

Or,  which  is  precisely  the  nme  thing,  ascertun  by  the  altitudes  hff 
much  Ae  chronometer  is  too  fast  or  too  dow  at  the  meridian  of  tbe  [d*'' 
of  observatian :  tins  error  being  applied  to  the  mean  of  ^e  times  b^  ^ 
same  chronometer,  when  tbe  distances  are  observed,  will  reduce  the  longi- 
tude by  the  lunar  observation  to  the  meridian  where  the  error  wis  ucer- 
tained ;  conseqnendy,  will  give  the  longitude  of  the  ship  when  tbe  omc- 
altitudes  were  observed. 


b,  Google 


ON  FINDINC  THE  lANOITITDB  BT  CHyONOIUTCM.  MB 

EXAMPLE. 

Muck  16, 1835,  a  set  of  xltttudw  wu  taken,  which  gave  die  mean  time 
at  ihip  4h.  4Bin.  S98.,  when  a  dmnoneter,  haTiiw  no  rate,  ahewed 
2b.  48B1.  fiSi. ;  and  at  7fa.  S5m.  50b.  hf  the  sane  chronometer,  a  set  of 
dutanoea  was  observed,  which  mve  mean  time  at  Greenwich  7h.  SBm.  88s- : 
reqvdred  the  longitude  of  the  ship  when  the  time^titndes  were  taken  for 
the  duonometer  (see  Eiam^  V.  tm  lunar  observations). 

h-m.  «. 
Htm  tims  by  chrooomeMr  wben  the  time-altitiidci  were  obMrred  9  48  SS 
Mnn  time  ^  cbiononeur  when  iIm  diatuwei  wore  obwiTcd  ...    7  SS  60 

tnuml  bjr  diroiioDiaMr  4  4S  SI 

Htu  linu  Bt  Oreanwich  whan  tlw  '*<"«""(■  were  obterred  7  38  38 

Mewi  time  at  Oreenwieh  when  time.alta.  iiera  taken  for  ehroo...    I  41  47 
Hod  time  at  *hip  irhen  tima.alta.  wan  taken  for  chronometer  ...    4  48  S9 

LoDgiiude  when  time^ltitudai  were  token  far  chnmometer  S    B  6S  =  tl"  41'  Eait. 


Mcin  lime  bif  cbrcnometer  whan  the  time-Rlcitudei  were  obterred  S  48  S9 

Alcan  time  at  ihip  when  time-alciludea  were  token  for  chroD......  4  48  39 

CliroiiomeCer  alow  at  tbe  meridian  of  the  ship  t  69  40 

Mnn  lime  by  chronometers  wben  tbe  dislancei  were  obianred  ...  T  35  60 


i-   9  85  30 


Maui  time  at  tbe  meridian  where  the  altiladea  were  taken,  whe 

the  diMancei  were  obiarred , 

Mean  time  at  Greenwich  when  the  diitancei  wen  obterred  7  38  SB 

Lmi^tnde  when  tinte-altitndes  were  taken  for  chrDninneter  8    Q  69  =  31°  tS/  Eaat. 

Observations  of  Itmar  distances  may  be  carried  on  from  one  time  to 
■aother,  so  that  when  the  observer  has  obtained  a  number  of  sets  on  each 
side  of  the  moon,  he  may  bring  them  all  to  one  point  of  time  tnr  the 
chronometer,  and  thereby  get  a  mean  of  all  the  observations,  which  will 
give  very  nearly  the  true  lonntude,  if  the  observations  be  careftiUy  made. 
This  may  be  expired  as  follows :  suppose  on  January  SO,  six  seta  of 
lonar  distances  be  observed;  on  the  Slst,  four  more ;  and  oa  tbe  29d, 
bdag  the  last  day  when  the  Stances  are  set  down  in  the  Nautical  Abna- 
nac  on  that  side  of  the  moon,  nx  more  sets  be  obterred.  Bring  each  set 
of  distances  to  the  time  when  the  altitudes  for  chronomaters'  were  taken 
on  their  respective  days ;  then  take  the  diBerence  of  longitude  shewn  by 
the  chronometer  between  the  iiOth  and  the  SSd,  at  the  time  tbe  altitudes 
for  the  cbrouometer  were  observed,  which  apply  to  each  set  taken  on  tbe 
80th ;  do  the  same  between  the  SI  at  and  SSd ;  each  set  will  then  be  brought 
on  to  the  time  when  altitudes  for  the  chronometer  were  taken  (Ml  the  5iSd; 
in  bD  sixteen  sets.  The  mean  of  these  observations  wiU,  in  all  probalxlity, 
not  be  far  from  the  truth.  In  this  manner  observatims  may  be  carried 
on,  by  distances  taken  on  the  other  side  of  the  moon,  and  the  raanlt 
deduced  fiom  ^ir  mean,  will  approximate  still  nearer  to  the  truth.     Thus 


flW  OH  FfNDINO  THE  LONQITUDK  IV  CnitONOMKTEKS. 

In  nindiiig  op  «  chnmometer  that  ia  going,  greit  caution  sfaoold  be 
obterred,  not  to  give  it  dtculai  motion,  which  would  alter  its  rate  some 
»fo<Hidf,  or,  pnfaqM,  even  stop  its  gotng;  bat  wb«n  a  diroiMniMter  is  once 
m&red  to  run  down,  it  will  not  acquire  new  motion  wttfaoat  giTing  it  tw» 
or  thiee  quick  boriiontal  cireular  turns;  and  it  must  be  observed,  thatwbcB 
it  has  once  stepped,  though  for  ever  so  short  a  period,  it  will  not  recover  Ae 
regularity  of  its  motion  for  some  days  after,  and  conaeqnendy  no  reUaaee 
can  be  ^aced  on  its  performance,  until  its  rate  be  proved  by  sobseqaett 
observations. 

A  chronometer  should  be  wound  up  regularly  at  the  same  time  of  the 
day,  and  great  care  taken  not  to  give  the  key,  first  half  a  turn,  then  a 
whole  turn,  afterwards  three-quarters,  and  so  on ;  for  this  irregular  inode 
of  windins  up  will  sometimes  very  materiaUy  alter  its  rale,  and  should  be 
as  carefulty  avoided  as  circular  motion  :  it  is  therefore  advisable  always  to 
to  turn  the  key  gently  half  round  at  a  time,  until  the  spring  be  wound  apt 
The  chronometer  should  also  be  eumined  before  the  case  is  shut,  to  ascer- 
tain whether  it  continue  going,  as  somedmes,  when  wound  up  in  baste,  and 
the  chain  overstrained,  it  will  be  liable  to  stop. 

Chronometers  are  of  great  utility  in  carrying  on  the  longitudes  deduced 
from  lunar  distances,  from  one  day  to  another,  so  that  the  results  <^  a  num- 
ber of  observaUons  may  be  brouf^ht  to  one  point  of  time.  Also,  the 
apparent  time  found  by  altitudes  taken  at  a  proper  distance  from  the  meci- 
diui,  being  carried  on  by  the  chronometer,  wiU  answer  for  any  lunar 
observation  taken  in  the  course  of  S4  hours :  in  fact,  whenever  it  is  requisite 
to  measure  short  intervals  of  time  accurately,  or  to  ascertain  the  difference 
of  longitude  between  adjacent  places,  these  instruments  are  of  the  greatest 
importance. 

The  method  of  carrying  on  or  deducing  die  time  of  taking  <Tta*T'K*«, 
to  the  time  of  taking  altitudes  for  the  chronometer,  may  be  illustrated  as 
follows :  suppose  that  altitudes  are  taken  for  ascertaining  the  tongitode  hj 
chronometers,  and  that  aflerwatds  a  set  of  lunar  distances  be  observed ; 
take  the  dapsed  time,  as  measured  by  the  chronometer,  fivm  obeervin^ 
the  time-altitudes  to  that  of  observing  the  distances,  and  when  the  time 
at  Greenwich  is  deduced  from  the  distances,  subtract  this  elapsed  one 
from  it,  and  the  remainder  will  be  the  time  at  Greenwich  when  the  alti- 
tudes for  time  were  taken,  and  will  produce  the  longitude  at  that  time, 
and  not  when  the  distances  were  observed.  On  the  contrary,  if  a  set  of 
lunar  distances  be  taken  before  the  altitudes  are  observed  to  find  the  appa- 
rent time,  then  the  elapsed  time  must  be  added  to  tiie  Greenwich  time, 
to  bring  the  longiAide  to  the  time  when  the  altitudes  were  t^cen. 

Or,  which  is  precisely  the  same  thing,  ascertain  by  the  altitudes  hov 
much  die  chronometer  is  too  fast  or  too  slow  at  the  meridian  of  the  jjace 
of  observation  :  tins  error  being  applied  to  the  mean  of  the  times  by  the 
same  chronomet^,  when  the  distances  are  observed,  will  reduce  the  longi- 
tude by  the  lunar  observation  to  the  meridian  where  the  error  was  ascer- 
tained ;  consequentiy,  will  give  the  longitude  of  the  ship  when  the  time- 
altitudeti  were  observed. 


b,  Google 


OH  FIMDINC  THE  I^NGITDOS  IT  CHfOMOIIBTIU.  109 

EXAMPLE. 

Match  16, 1835,  a  set  of  altitudes  was  taken,  whidi  gave  the  mean  tisie 
at  ihip  4h.  4ffan.  99s.,  when  «  diroiu»neteT,  hsTUw  no  rate,  ahewed 
Sh.  48m.  59i. ;  and  at  7h.  35in.  fiOs.  by  the  same  cSnmometer,  a  set  of 
dittances  was  obeerred,  which  gave  mean  time  at  GreenTich  7h.  ^Bm.  888. : 
required  the  lon^tude  of  the  snip  when  the  time-aldtudes  were  taken  for 
the  chronometei  (see  Example  V.  on  lunar  obserrations). 

h.m.  t. 
llmu  time  b;  dkrononMtar  whm  the  time-altitndea  wera  obsarred  S  18  S9 
Mean  tuna  b;  dironommor  wbta  the  diiunoei  wan  obnrred   ...    7  35  SO 

InumI  b7  chronomaMT 4  46  61 

Utan  line  at  Greeuwieli  wliea  the  ■*■"»""<■  wars  obeerrad  7  98  38 

Mean  ^me  at  Oneuwieh  when  time-alta.  were  taken  for  chroa...    8  41  47 
UfBotiiiM  at  ahip  when  time.alti.  were  taken  far  chnmometar  ...    4  48  39 

LoDiiilude  when  cime-altitudai  were  takeu  for  chnmaiDeter  9    8  SS  =  Sl°  43'  Em, 

Ob  tbub, 

b.  m.  1. 

Mean  time  by  chronometer  when  the  tjme-altitudei  ware  obierred    i  48  S9 
Mean  time  at  ahip  wheti  tia]e.«]l)tu<iea  were  taken  for  chion 4  48  39 

Chronometer  alow  at  the  meridian  of  the  ahip  1  S9  40 

:    Mean  lime  bjr  chronometera  when  the  diattuicei  were  obMrred  ...    7  39  90 

HetD  Inn*  U  the  meridian  where  the  altitadei  were  taken,  when  1   a  35  so 

ihe  disiaocea  were  obaerved    f 

Mean  time  at  Greenwich  when  the  djitancei  were  obwrred 7  98  38 

Lof^itiide  whan  tlme-altltudea  were  takon  for  chionometer  S    6  59  =  81°  48*  Ean. 

ObserrattonB  of  limar  (Ustances  may  be  carried  on  from  one  time  to 
aaather,  so  that  when  the  observer  has  obtained  a  nomber  of  sets  on  each 
side  of  the  mo<»i,  he  may  bring  them  all  to  one  point  of  Qme  by  the 
chronometer,  and  thereby  get  a  mean  of  all  the  observations,  which  will 

?'ve  very  nearly  the  true  lonintude,  if  the  observadons  be  carefully  made, 
hit  may  be  explained  as  follows:  suppose  on  January  SO,  six  sets  of 
lonar  distances  be  obserred ;  on  the  Slst,  four  more ;  and  on  the  SSd, 
bang  the  last  day  when  the  distances  are  set  down  in  the  Nontical  Alma- 
nac on  that  side  of  the  moon,  six  more  seta  be  obserred.  Bring  each  set 
of  distances  to  the  time  when  the  altitudes  for  chronometers  were  taken 
on  th«r  reepectiTe  days ;  then  take  the  difierence  of  longitude  shewn  by 
the  chronometer  between  the  SOth  and  the  23d,  at  the  time  the  altitudes 
for  the  chronometer  were  observed,  which  apply  to  each  set  taken  on  the 
20th ;  do  the  same  between  the  21  at  and  SSd ;  each  set  will  then  be  brought 
on  to  the  time  when  altitudes  for  the  chronometer  were  taken  va  the  83d; 
in  an  sixteen  sets.  The  mean  of  these  observations  will,  in  all  ]»«babili^, 
not  be  far  from  the  truth.  In  this  manner  obHervatitms  may  be  carried 
on,  hy  distances  taken  on  the  other  side  of  the  moon,  and  the  rcndt 
deduced  from  tiieir  mean,  will  appronmate  still  nearer  to  the  truth.     Thus 


fln  OK  riMDING  THE  LOKalTlTDE  IT  CHRUNOXBTEKS. 

In  winding  op  a  chronometer  that  u  going,  great  cauUon  ibonld  be 
obaemd,  not  to  gire  it  circular  motion,  vhich  vould  alter  ita  rate  tone 
•noMtda,  «-,  periiaps,  CTsn  stop  its  goii^ ;  bat  vhen  s  dnonometer  ii  ow 
m^rad  to  run  dovn,  it  will  not  acqtnre  new  motion  whbont  ^ving  it  m 
or  thiee  qnidc  horisontal  circular  turns;  anditmustbeobaerrra,  inatvlMi 
it  baa  onoe  stopped,  though  lor  ever  bo  short  a  period,  it  will  not  ncofa  die 
ngularity  of  its  motion  for  some  da^s  after,  and  conwqnently  no  TeliiBR 
can  be  paced  on  its  performance,  undl  its  rate  be  prored  by  subieqiMat 
observabons. 

A  chronometer  should  be  wound  up  r^ularly  at  the  same  time  of  Ae 
day,  and  great  care  taken  not  to  gire  the  key,  first  half  a  turn,  then  i 
wliole  turn,  afterwards  three-quarters,  and  so  on ;  for  this  irreeulai  Bode 
of  winding  up  will  sometimes  very  matenally  alter  its  rate,  ana  should  be 
as  careful^  avoided  as  drcuUr  motion :  it  is  therefore  advisable  alwsvt  to 
to  turn  the  key  gently  half  round  at  a  time,  undl  the  spring  be  wouna  vf- 
The  chronometer  should  also  be  examined  before  the  case  is  shut,  to  sxet- 
tain  whether  it  nmtinue  going,  as  sometimes,  when  wound  up  in  haste,  ud 
the  chun  overstrained,  it  will  be  li^le  to  stop. 

Cbronometers  are  of  great  udlity  in  carrying  on  the  longitudes  deduced 
from  lunar  distances,  from  one  day  to  another,  so  tliat  the  results  ott  mm- 
her  of  obserradons  may  be  brouffht  to  one  point  of  time.  Also,  itt 
apparent  time  found  by  altitudes  tsJien  at  a  proper  distance  from  the  nKn 
duui,  being  carried  on  by  the  chronometer,  will  answer  for  any  Inui 
observation  taken  in  the  course  of  24  hours :  in  fact,  whenever  it  is  nqmaK 
to  measure  short  intervals  of  ume  accurately,  or  to  ascertain  the  ^^ewx 
of  longitude  between  adjacent  places,  these  instruments  are  of  the  gresKX 
importance. 

The  method  of  carrying  on  or  dedudng  the  time  of  tddog  dittanM 
to  the  time  of  taking  altitudes  for  the  chrmiometer,  may  be  iflustnted  k 
follows :  si^pose  that  altitudes  are  taken  for  ascertaining  the  longitude  t^ 
chronometers,  and  that  afterwards  a  set  of  lunar  disUnces  be  obeernd; 
take  the  ^psed  time,  as  measured  by  the  chronometer,  from  obatm^ 
the  lime-altitudes  to  that  of  observing  the  distances,  and  when  the  W 
at  Greenwich  is  deduced  from  the  distances,  subtract  this  eUpsed  liw 
from  it,  and  the  remainder  will  be  the  time  at  Greenwich  when  the  ilti' 
tudes  for  time  were  taken,  and  will  produce  the  longitude  at  that  time- 
and  not  when  the  distances  were  observed.  On  the  contranr,  if  i  srt  a 
lunar  distances  be  taken  before  the  altitudes  are  observed  to  find  the  sp[s- 
rent  time,  then  the  elapsed  time  must  be  added  to  the  Greenwich  tisv, 
to  bring  the  longitude  to  the  time  when  the  altitudes  were  t^en. 

Or,  which  is  precisely  the  same  thing,  ascertain  by  the  altitudes  bp' 
much  the  chronometer  is  too  fast  or  too  slow  at  the  meridian  of  the  plx* 
of  observation :  this  error  being  applied  to  the  mean  of  Ae  times  bj  tH 
same  chronometer,  when  the  distances  are  obsoved,  wHl  reduce  the  loi>e<' 
tude  by  the  lunar  observation  to  the  meridian  where  the  error  *u  >^- 
t«ned ;  consequentiy,  will  ^ve  the  longitude  of  the  ship  when  the  u'mc- 
altitudes  were  observed. 
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EXAMPLE. 

March  16, 1836,  a  set  of  ^tudea  was  tahen,  whicb  gave  die  mean  dme 
at  thip  4h.  48m.  39a.,  vhen  a  chronometer,  haviiw  no  late,  aheved 
9h.  48m.  598. ;  and  at  Th.  S5m.  Ms.  by  tiie  same  cDTonometer,  a  set  of 
distances  was  observed,  which  save  mean  time  at  Greenwich  7h.  S8m.  88s.: 
required  the  longitude  of  the  ship  when  the  time^titudes  were  taken  for 
the  chronometer  (see  Example  V.  on  lunar  observations). 

Ikm.  >. 
Umh  time  b;  chnmomeur  when  the  timo-aliltiidet  ware  aUerred  9  48  59 
Mean  time  by  dtronomeUr  wlwn  th*  diMUKei  were  obeerred  ...    7  35  60 

lauml  br  cbronomeMr  4  46  £1 

Umh  tine  M  Oreeowieh  whan  the  ■"tf""°*  were  observed  7  98  38 

Mean  tine  at  OrMowieh  whan  time-alu.  were  taken  for  dtiou...    9  41  47 
Heui  tinM  M  afalp  whea  time.alli.  were  taken  for  ehronomelet ...    4  48  SB 

Longitude  when  lime^ltitudai  were  taicen  for  chronometer  9    8  59  =  11°  48*  Ean. 

Mean  time  by  chronometer  when  the  time-altitudet  were  obwrred    9  4lt  119 
liiBD  time  at  ihip  when  tlniK.«]iiiudeB  were  taken  for  chion 4  48  39 


..    .  .  r  at  the  meridian  of  the  ahip  1  S9  40 

Utan  time  by  chronometera  when  the  diatancei  were  obwrred  ...    7  S3  60 

■  at  the  meridian  where  the  altitudea  were  talMo,  whan  t    n  gi  ba 

uoai  were  obaarved    J   9  85  80 

Mean  time  at  Qreenwid  when  the  diitanoei  were  obaerrad 7  98  88 

Lao|^nid«  whm  tlme-altltndei  were  taken  for  chnmtmeter  9    S  59  =  31°  48'  Eaat. 

ObservatdoDs  of  lunar  distances  may  be  carried  on  &taa  one  time  to 
another,  so  that  when  the  observer  has  obbuned  a  number  €€  sets  on  each 
tide  of  the  moon,  he  may  bring  them  all  to  one  ptrint  of  lime  tnr  die 
chronometer,  and  thereby  get  a  mean  of  all  the  observatitMH,  which  will 
pre  very  nearly  the  true  lonintude,  if  the  observations  be  careMly  made. 
This  may  be  expluned  as  follows :  suppose  on  January  SO,  six  sets  of 
lunar  distances  he  observed;  on  the  Slat,  four  more ;  and  m  the  ^d, 
being  the  last  day  when  the  distances  are  set  down  in  die  Nautical  Alma- 
nac on  that  side  of  the  moon,  ax  more  sets  be  observed.  Bring  each  set 
of  distances  to  the  time  when  the  altttudee  for  dironometere'  were  taken 
on  thdr  respecdve  days ;  then  take  the  difierence  <^  loimtude  shewn  by 
the  chronometer  between  the  SOth  and  the  2Sd,  at  the  tone  the  altitudes 
for  the  chronometer  were  observed,  which  apply  to  each  set  taken  on  the 
SOth ;  do  the  same  between  die  SI  st  and  S3d ;  each  set  will  then  be  Iwoi^ht 
on  to  the  time  when  altitudes  for  the  chronometer  were  taken  mi  the  SSd; 
in  an  sixteen  sets.  The  moan  of  diese  observations  will,  in  all  {Mobatnlity, 
Dot  be  for  from  the  truth.  In  this  manner  observadMu  may  be  carried 
on,  by  distances  taken  on  the  other  side  of  the  auton,  and  the  icndt 
deduced  firom  their  mean,  will  approximate  still  nearer  to  the  truth.     Tlins 
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.^  luv  obwrrMWDt  «ad  duoiiometen  mn  be  Budt  to  go  hi 

^h  cMi  otha,  to  diaevver  die  sbip^  true  longitude. 


EXAStPLEs  Fob  exercise. 

1.  Jul7  8,  1836,  P.  M^  in  latitude  *T  4&  N.,  tbe  obwrred  dtitude 
of  the  sun*!  lower  limb  wu  S6°  3!t'  11",  wbea  a  chnmometCT  liiewd 
A.  fiAn.  1£b.  p.  M.,  who§e  error  ud  rste  had  been  determined  tt  aaaa, 
June  !25,  when  it  wu  fut  for  Greenwich  mean  time  2m.  13.  Sa.,  and  bani 
6.  9b.  daily ;  (he  error  of  the  aextant  being  +  5'  10",  and  the  hdgbi  i 
the  obverrer'fl  eye  28  feet :  required  the  longitude  of  the  ship. 

Aniwer.  Mean  time  at  ship  5h.  im.  24s. ;  meaa  Inw  M  Gtetsni 
Sh.  i&m.  SHa.  i  and  the  longitude  33°  IS'  0"  Eart. 

2.  October  11,  1835,  at  noon,  a  chronometer  waa  fact  for  Gitenfid 
mean  time  11m.  19-  4fl.,  and  was  gaining  4.  la.  per  day. 

October  21,  A.  M.  (dvil  time),  in  latitude  34°  37'  S.,  the  same  Am- 
nometer  shewed  Gii.  42m.  lOs.  A.  M.  (dvil  time)  at  Greenwich,  wba  ik 
observed  altitude  of  the  sun's  lower  limb  was  42°  1 9'  52" ;  the  isdex  am 
bein^  2'  30"  to  subtract,  and  the  hdght  of  the  eye  20  foet :  requiied  ik 
longitude. 

Answer.  Mean  time  at  ship,  October  20,  20h.  44m.  44e. ;  meunneH 
Greenwich  ISh.  30m.  lis. ;  and  the  lonptude  33^  38^  15" E. 

S.  August  7,  1835,  at  noon,  a  chronometer  waa  slow  for  mean  Qdcii 
Greenwich  17m.  SOs. ;  and  on  August  13,  at  noon,  it  th  dow  fornni 
tine,  at  the  same  meridian,  18m.  45s. 

August  28,  A.  M.  (civil  time),  in  latitude  37°  40'  N.,  when  the  sboR 
«hr<Kiometer  diewed  6h.  53n.  16i.  (beii^  P.  M.  at  Greenwich),  tbtcb- 
■wed  altitude  of  the  sun'^  lower  limb  was  37°  IS'  40",  the  index  aiad 
the  sulant  bang  2'  15",  to  subtract,  and  the  ho^t  of  the  obsezwi'i  <J' 
flO  feet:  floqmnd  the  bn^tude. 

AaawoK  The  daily  rate  of  the  chronometer  was  IS-Ss-Ioung;  tbeat* 
tiueMskq>2(a.37m.34s.;  and  the  mean  time  at  Greenwich  30h.14in.3i- 
past  noon,  August  22 ;  the  longitude  144°  1 1'  15"  West. 

4.  Jnuwy  S,  1885,  tt  noon,  a  ehroDometer  was  Ih.  1 2m.  52. 5i.  iM 
Ak  nesB  time  at  GreeBwich;  and  on  January  9,  at  noon,  it  waa  lb.  I&dJiTl 
slow  for  mean  time  at  the  same  meridian. 

Jm»my  90,  P.  U.,  m  latitude  30°  20'  N.,  when  the  above  chioaoDCUi 
aheivod  2a.  89in.  51s.  (bemg  January  SO,  A.  M.,  dvil  time,  at  Gfea)*iii> 
tbe  okMfved  akitiMle  of  the  sun*s  lower  limb  was  17°  42'  54^',  th^WM 

X  being  8' 15*  10  add,  and  the  hei^t  of  the  eye  20  &et :  re^^tM<k 


WilMb. 
Anatfeii 


..  _  ._i  The  duly  rale  of  the  chronometer  was  9.2s.  loeit^;.thtW* 
lime  *tflh9  27h.  56m.  26s.;  and  the  men  time  at  Greenwich  15b-fii@M^ 
past  nooa,  Jan»iy  88 1  the  k^tude  179^  52'  0"  £.  -     /    i  ' 

6i  Fiknmtf  &,  1886,  at  noon,  a  chraotmieter  was  27:m,  6i.S^J^^ 
msmtMiieafetheGqwof  Good  Hope,  in  longitude  ISP  U- ibW^i'm 
Febtnary  18,  at  ooon»  it  was  29m.  10s.  fast,  at  the  same  mertifao.    ,i 
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Msrdi  3,  tbout  Sh.  SSm.  P.  M.,  benw  in  latitude  48^  ST  N.,  ibt  slti- 

liide  of  the  Star  Bq^nlai  was  obeerred  to  be  17°  43'  16"  East  of  the 

meridian,  when  the  ab>ve  chronometer  ehewed  Sh.  10m.  86s.  P.  M. ;  the 

eiior  of  the  wztant  being  +  it  10",  and  the  height  of  the  obserrer's  eye  S5 

feet :  required  the  longitude. 

Answer.  The  daily  rate  of  the  chronometer  was  10. 8s.  gaining ;  the 

'    mean  time  at  ship  6h.  6m.  1  Ss. ;  the  mean  time  at  Gieeowidi  In.  S4m.  82b.  ; 

'    and  the  longitude  70°  S5'0"  East 

6.  December  10,  1884,  at  noon,  a  chronometer  was  10m.  468.  fast  fbr 
'    mean  time  at  Greenwich,  and  losing  diuly  IS.  Ss. 

January  8,  1885,  in  Utitude  21°  Siy  N.,  the  same  chronometer  shewed 

9h.  11m.  54fl.  P.  M.,  when  the  observed  altitude  of  the  centre  <^  the  pUnet 

Jupiter  was  48°  8*  East  of  the  meridian ;  the  index  eiTor  of  the  sextant 

bcow  +  4^  15",  and  the  height  of  the  obserrer^s  eye  18  feet :  teqniied  the 

'    truelongitude  of  the  shra. 

Answer.  Lon^tude  of  the  ship,  40°  9&'  45"  West 
I       7.  April  X,  1835,  at  noon,  a  cnronometer  was  slow  for  mean  lime  at  the 
Obserratory  at  Paramatta  (New  South  Wales),  in  longitude  161°  1'34"£., 
I    by  9h.  S4m.  IDs.,  and  was  loong  diuly  5.  Ss. 

May  90,  1835  (dvil  timej,  being  in  latitude  43°  86'  S.,  and  longitude 

by  account  116^  SO'  E.,  when  the  above,  chronometer  shewed  4h.  8m.  14s. 

I    A.M.,the  obeerredoltitudeofthemoon'a  upper  1imbwas24PS4'15"West 

of  the  maidian ;  the  error  of  the  instrument  being  —  %'  80",  and  the  height 

:    of  the  obserrer^s  eye  SI  fbet :  required  the  Vme  longitude  ^  the  ship. 

Answer.   The  longitude  of  the  ship,  11&>  SO' SO"  East. 

8.  September  9,  1885  (dvil  time),  at  Bombay,  in  latitude  1&>  66'  N., 
and  loDgitude  72°  64*  24"  E.,  about  7b.  13m.  A.  M.,  the  double  altitude  of 
the  Bun's  lower  limb  was  observed  to  be  38^  37'  56"  by  an  artificial  horison, 
vhen  a  chronometer  shewed  Sh.  31m.  58b.  A.  M. ;  uid  on  September  16, 
about  7h.  4m.  A.  M.,  the  double  altitude  of  the  sun's  lower  limb  was 
^ain  observed  to  be  83°  42',  when  the  same  chronometer  shewed  Sh.Sdm.54«. 
A.  M.,  the  error  of  the  sextant  bring—  2'  10":  requited  the  rate  of  the 
chronometer,  and  its  error  on  Greenwich  mean  lime,  when  Ibe  latter  alU- 
tode  was  observed. 

Answer.  The  chronometer  was  11m.  9.5b.  fast  fbr  Greenwich  mean 
time,  September  9,  and  12m.  24b.  Out  on  September  16;  hence  the  daily 
rate  was  10. 6s.  gainii^ 

9.  May  4, 1835,  at  Kingston,  Jamuca,  in  latitude  17°  56'  N.,  and  h>ngi- 
tude  7&>  46'  10"  W.,  about  4h.  80m.  P.  M.,  the  douUe  altitude  of  the 
sun>  lower  limb,  taken  by  an  artifidal  horison,  was  4V  84'  Sfr*,  a  dirono- 
meter.  No.  6S,  shewing  at  the  some  time  9h.  SOm.  28s.  P.  M. ;  and  on 
May  IS,  about  4h.  31m.  P.M.,  the  double  altitude  of  the  sun^s  lower  limb 
«as49>S5'S0",  whenNo.  65  shewed  9h.  Sim.  51s.  P.M.;  the  index  error 
of  die  sextant  being  +  1'  16":  required  the  rate  of  the  chronometer,  audits 
onr  for  Gfeenwi<£  mean  time  when  the  Utter  altitude  was  talien. 

Answer.  The  chronometer  was  6m.  28s.  slow  tot  mean  time  at  Green- 
i4eh  on  May  4,  and  6m.  26b.  slow  on  May  12 ;  hence  the  daly  rate  ww 
0.4a.  kaing. 

Mh 
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ON  FINDING  THE  LONGITUDE  BY  LUNAR  j 

OBSERVATIONS.  I 

To  find  the  apparent  Altitude*  and  DIHance. 

Rdlb*. — 1.  WiA  ibe  nmnat  time  at  the  thqi,  and  the  bngindeliT 
account  turned  into  time  (XlX).,  6nd  the  appMeot  nme  at  Gitunncli^ 
tfte  Rdeiin  Page  ISCi  tovhicfa  appt^tbeequatun  of  time,atd)n«eln 
P«ge15tf :  the  remit  will  be  the  neaii  time  at  GieeawidibTacooiint  Bo, 
AwM  a  «hrMMNBeter  be  at  hand,  whoae  originW  cnor  aad  rate  an  knni. 
(he  mean  tiin*  at  Gteeawkh  majr  be  more  ooneotly  and  cful;  inftnd 
ftom  k,  M  ahewn  in  ihe  saetbod  of  finding  the  lonntude  by  AibhowHw 

i.  Ft— I  Paga  III,  ef  the  month  in  the  Nanticd  Almanac,  taheoa  At 
moon'a  semtdiameter  and  horiiontal  parallax,  and  reduce  than  tatluBW 
time  at  Greenwidi*;  and  to  the  mudiamelcT  add  the  moon^  aaaxttt- 
ti«n.  cakm  ftvm  Table  VII.  , 

'  8.  From  die  msoa'a  obaerved  ^itudef  niblnct  the  dip  cf  the  hmm 
(V.),  and  to  the  lemunder  add  the  moon'i  augmented  senidiameteT  ^u  I 
we  lower  Ifanb  is  obaerred,  or  subtract  it  if  the  upper  lUnb  be  takco:  tk 
remit  will  be  the  apparent  altitude  of  the  moon's  centre. 

4  Then,  j/(A«  •(«•&<  oteerved,  from  the  obeemd  altitude  d'Aeltnr  I 
lattlb  aubtraot  the  ^  of  the  hodson  (V.),  and  to  the  remainda  tdi  At  I 
■un'a  ■MMdiameica  fcr  the  given  diy,  %tkm from  Page  II.  rf  the  in««flii  I 
the  Naudcal  Ahnanae :  the  mm  will  be  the  nm'e  afiparent  ^tadc.  I 

.  ^.  To  the  obaerted  diManoe  add  the  aemidiameter  of  the  son,  ai  tbt 
lMMm''s  mgmented  eemidtameter ;  thai  sum  will  be  the  i^iparent  dUum    ' 
,  6.  But,  y  a  afar  or  a  f>(afw<^oiMn>«d,  from  itaobaoredaltimde^  , 
taicttbe^;andt)MBem«nderwillbetheMar^oEpiinet*iamicntalt>tid»  j 

7.  To  ibe  observed  £stnce  of  tbe  moon  and  star,  or  planet,  add  ik 
moon*i  aunnmted  Hmidiametn,  if  the  am^at  limb  were  aJgn,  but  srigif 
iLt  tf  tbemrthettBmb  wen  observed:  iheic  mw  or  difienmce  will  be  At 
ipfiamit  Stance. 

To  find  the  true  Dtstance-l 
HBTHDD  I. 
.  Ruler.— 1.  To  the  sum  of  the  aimaieut  altitudia  add  the  SStmtt^ 
tbe  correction  of  the  moon^s  apparent  wtkude  (XXX.),  and  ibat  t^tbcKBi 

■•BwNcrt«,PfcMiaa.  ,  ,. 

f  In  all  CMM  IM  obHrrcd  kltitudat  mod  diatanciM  mut  jlrti  be  oamcui  te  tt<  M" 
tjtor  Of  kar)  oT  (ha  iutnunont. 

$  n<w«fllMMiiMtkod*itfdMrli)gth«diiUuiM>nLeraB<*«ni  thalittlaiAU^Mf 
<f  Mb  KnA'i  Hetbod  by  utonl  raned  Sinn  (  Om  Mccnd  U  d^Tad  froBi^atcf  K-M9 
abridged  ^  ^  Table  of  togarithiiue  DiBereQOM,  aad  raoulret  lii  [dacae  of  ^fo"*^ 
liwulthiiu :  tlM  tUnl  ta  (im^  to  tbst  fftrm  by  Mr.  TlutoU,  and  raqnlM^aitrftar  *■" 
aTfigiiraii  IhereiiTtli  waatnTantadbyMendoniaaa,  la^., -diid  bM  AaaCtaanf*** 
nqqUiikMjdMbMSbMi^tMaai  dieUUi  i*  Ht.  Imn^  imrniradbfB^aMi^^^ 
rdMw,  iuTaiitad  and  pnbUdiad  by  ihe  Anlbor  of  tlut  Work.  Theea  TMu,  far  ujijj 
ttb'appaMDt  dManee  for  the  effMt  of  reframioa  wiihoat  cateulaiiM,  rasdK  ub  W^** 
<f  the  (Mieit  and  iboitait  tlwt  bare  been  propoead. 
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■tar,  or  [dtnet*,  which  will  mre  the  sum  of  their  true  altitudes ;  subtract  this 

!\    from  180^,  imd  the  remainder  i&l  be  ihe  asm  of  their  true  lentth  distances. 

2.  Under  the  sum  of  the  apparent  altitudes  pjace  the  auxiliary  arc 

(XXX*.)f  knd  the  apparent  Stance  ■  call  these  A,  B,  sod  C. 
8.  Find  the  sum  and  difference  of  the  auxiliary  arc  (B),  uid  the  sum  of 
'     Ae  if^Mureot  altitudes  (A),  also  the  sum  and  difference  6f  fiie  atodSary  arc 
II    (B>,  Kid  the  anpaient  di^snce  (C);  place  these  in  (tder  andto  each  other, 
j    topither  widi  uie  aum  of  the  true  tenith  distances. 

•x  4  Add  togedier  the  natural  versed  sines  (XXXVI).  of  the  five  arcs, 
n  tbcfng^prnfffin-secondaoppofflteeach,  and  their  sum,  together  with  die 
II  com  of  dw  parts,  will  be  the  natural  versed  sine  of  the  true  distance. 
,  Note.  L  Smce  the  true  distance  will  never  differ  modi  more  than  a 
^  d^TCC  fiom  the  ^iparent  distance,  it  will  suffice  to  take  out  only  the  last 
[1  five  figmea  of  the  natural  versed  sines,  observing  to  rfgect  the  tens  in  die 
,1  last  hne  added  up. 
^,      S.  Whenanytif  the  arcs  exceed  180°,  subtract  them  jromSSO^j  and  take 

out  die  naturalversed  une  of  the  remainder. 

■S,  METHOD  II. 

''      Rules. — 1.  To  the  aum  of  the  apparent  altitudes  add  thedi&renoQ  gf 

the  correction  of  the  moon's  apparent  altitude  (XXX),  and  that  of  fhe 

''  lun,  star,  or  planet*,  which  wiU  ^ve  the  sum  of  their  true  altitudes,  (£ 

*  wliich  take  the  halt 

'  i.  Add  tegeUier.  the  apparent  altitudes  and  apparent  distance, .  41^.  find 

**  tha  aSensKc  between  half  this  sum  and  the  appiuvnt  distani^. 

*  S.  To  the  log.  co-unes  of  the  half-sum  and  <Merence  {XXV .)  add  the 
^'  kBvitfamte  di&rence  (XXXIX-):},  and  half  the  sum  of  these  three  1(^;a- 
f  liihna  wilLlw  the  iog.  sine  of  an.ardi. 

'       i.  Add,  togdJier  the  log>  co.«ines  of  the  sum  and  difference  of  the  wc^, 

f   andhalfdie«am.ofihelnie^titudee;  then  wjllhalfthesufaofthMe  two 

'   lonrilhna  be  the  log.  une  of  half  the  true  distance. 

''  Note.  In  diis  method  it  may  be  observed  that  the  seconds  of  the 
nparent  distance  may  be  omitted  until  the  operation  be  finished,  and  tbor 
they  are  to  be  added  to  the  computed  distance.  If  the  sum  of  the  qiparent 
and  ahatudea  ^ould  nave  an  odd  digit  in  the  unit's  place  of  the 
the  *(»inftf<Hi  in  the  distance  may  be  increased  by.fn  unit;  an^in 

i   this  case,  what  the  given  number  of  seconds  wants  of  60",  is  to  be  sub- 

I   tractcd  &om  the  computed  distance. 

,        *  Tlia  MM*<  coTTecdoD  ft  the  diffarenn  of  the  refrcctfam  (IV.)  mod  paralliz  In  iltlttida 

fVL),  «!blch  tamj  b*  found  it  ^maa  in  Table  XVIIL    Ti»  mar'i  ooModon  ti.tba  iafi«Bl>Mu 

,     in  lltitude  <IV.  or  XTlII.)     The  jJaneCi  ocnrection  b  the  dtflerence  of  tbe  Tefncdon  (IV.> 

,     and  panJTu  iii  iltlttide  CCLVIII.) 


tba«l^ia 


t  The  anijliapf  aro  msy  be  ukeo  oat  at  the  nine  time  nilli  tbe  moon'i  DorrecUan,  betW 
|lani  oo  1b»  otnMwlM  p^e,  t^inf  care  alwaya  to  add  the  eeoondi  (linn  In  the  ririit-hand 
■ahma,  wWn  the  diilaoce  froB  tM  tan  or  a  *tar  ba  obaarred ;  or  (hne  tn  Table  !<■  when 

eoRMMlbrTaU* 
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MSTBOD  UL 

Holes. — 1.  Add  the  sun's,  sin's,  or  j^et'a  ipparent  altitude  to  tic 
moon's  k^nent  altitude,  «nd  take  half  thor  nun;  subtnct  the  less  altitode 
from  the  gmter,  tnd  take  half  the  di^xeuce ;  thea  add  togeOiet 
the  log.  co-taagent  of  half  the  sum  (XXV.) ; 
the  log.  tangent  of  half  the  difference ; 
and  the  log.  co-taneent  of  half  the  apparent  distance : 
their  sum,  rejecting  toe  tens  in  the  index,  will  be  the  log.  tangeat  of  aa 
arch,  whidi  call  A. 

2.  When  the  sun's,  star's,  or  planet's  altitude  is  greater  than  the  mooa'i, 
take  the  difference  between  the  arch  A,  and  half  the  apparent  distance;  bat 
if  less,  take  their  sum ;  then  add  together 

the  log.  co-tangent  of  this  sum  or  differencei 

the  log.  co-tangent  of  the  sun's,  star's,  or  planet's  apparent  altitude; 
and  the  proportionallogBrithm  (XXXIV.)  ofthe8un*s,star''s,  or  planet's 
cOTiection*;  their  sum,  rejecliBg  the  tens  in  the  index,  wi3i  be  the  jHxtpae- 
ttonal  logarithm  of  the^rtl  correction. 

S-  If  the  sum  of  the  aich  A,  and  half  the  apparent  distance,  were  taken 
in  the  preceding  article,  now  take  theit  difference ;  but  if  th^  diifaaiee 
were  then  taken,  now  take  their  sum  ;  then  add  together 
the  log.  co-tangent  uf  this  sum  or  difference ; 
the  log.  co-tangent  of  the  moon's  apparent  altitude  ; 
and  the  proportionu  log.  (XXXIV.)  tx  the  moon's  conect)on(XXX.); 
their  nun,  rgecting  the  tens  in  the  index,  will  be  the  proportioiuil  logt- 
rithm  of  die  aectmd  correction. 

4.  When  the  arch  A  is  less  than  half  the  apparent  distance,  the  fim 
correction  must  be  added  to,  and  the  second  correction  subtracted  fron 
the  apparent  distance ;  but  when  the  arch  A  is  greater,  both  the  first  and 
secona  corrections  are  to  be  added  to  the  apparent  distance,  if  the  mocm^ 
altitude  be  th«  greater ;  but  when  the  moon  s  altitude  is  the  leas,  the;  sie 
both  to  be  subtracted  £com  it,  to  give  the  corrected  distance. 

5.  Enter  Table  XXXV.  with  the  corrected  distance  at  the  top  or  bot- 
tom, and  the  moon's  correction  and  second  correction  alternately  in  the  ode 
column :  the  diflbrenoe  between  the  seconds  thus  taken  out,  being  addid 
to  the  corrected  distance,  when  it  is  less  than  90°,  or  snbtraolcd  from  it  whea 
rtwve,  will  ^ve  the  true  distance. 

HBTHOD  IV. 

RUI.EB. — ^1.  Add  together  the  ^parent  distance  and  ^parent  altttudes, 
and  take  half  their  sum;  the  difference  between  the  lial£aum  and  the  san's, 
star's,  or  planet's  appaiaat  altitude,  call  Hie^firat  remainder ;  and  the  diffir- 
enee  between  ^  lulf-aum  and  the  moon's  apparent  altitttde,  call  the  tmumi 
remainder. 

*  Sm  Note  *  M  llw  bDUom  at  the  piMsiiag  Ptg». 
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S.  Addtogetho- 

the  log.  due  of  the  appsrmt  distance ; 
the  1(^.  co-sine  of  the  moon's  apparent  altitude ; 
the  log.  secant  of  the  half-sum ; 
the  log  co-secant  uf  the  first  remunder ; 

the  propordonal  Ic^.  (XXXIV.)  of  the  moon's  correction  (XX^.) ; 
and  the  constant  Ic^anthm  9-6990 : 
their  sum,  rejecting  the  tens  in  the  index,  will  be  the  proportional  logarithm 
of  the  first  correction. 

3.  Add  together 

the  log.  sine  of  the  apparent  distance  (already  found) ; 
the  log.  co-sine  of  the  sun's,  sUr'e,  or  phuet  s  apparent  altitude ; 
the  log.  secant  uf  the  half-sum  (already  found) ; 
the  log.  co^secaat  of  tiie  second  remainder ; 

the  proportional  log.  (XXXIV.)  of  the  sun's,  star's,  or  planet's 
correction*; 
and  the  constant  logarithm  9-  6990 : 
thor  gum,  r^ecting  the  tens  in  the  index,  will  be  the  [m>portianal  li^^thm 
of  the  second  correction. 

4.  The  difference  between  the  first  correction  and  the  correction  of  the 
moon's  altitude,  call  the  difference  of  corrections. 

Enter  Table  XXXV.  with  the  apparent  distance  at  the  top,  and  the 
noon's  correction  in  the  side  column,  and  the  corresponding  number  will  be 
the  third  correction;  in  the  same  column,  and  opposite  the  difference  of  cor- 
rections, will  be  found  the  fourth  correction. 

8,  Subtract  the  sum  of  the  moon's  correction,  and  the  second  and  fourth 
corrections,  from  the  apparent  distance  ;  to  the  remainder  add  the  sun's, 
star's,  or  planet's  correction,  and  the  first  and  third  corrections:  their  sum 
will  be  the  true  distance. 


1.  To  the  apparent  distance  add  the  correction  taken  firom  the  Linear 
Tables ;  the  sum  will  be  the  distance  corrected  for  refraction. 

St.  Addtogether  the  sine  of  the  corrected  distance  (XXV.),  the  co.secant 
of  the  son's,  star's,  or  planet's  apparent  altitude,  and  the  proportional  loga- 
rithm (XXXIV.)  of  tne  moon's  horizontal  parallax;  the  sum,  rejecting  90 
in  the  index,  will  be  the  proportional  I<^arithm  of  thejlrs^  amk. 

S.  Add  bother  the  tajisent  of  the  corrected  distance,  the  oo-secant  of 
the  moon's  apparent  altitude,  and  the  proportional  logarithm  of  the  moon's 
horiiontal  pvallax ;  the  sum,  rejecting  SO  in  the  index,  will  be  the  pn^mr-  • 
&)nal  logarithm  of  the  second  arch. 

4.  When  the  distance  U  Icsa  than  90°,  the  difiereAce  of  the  first  and 
Kcond  arches  is  a  cnrrection  for  paraBaw ;  which,  subtracted  from  the  cor- 
ncted  distance  when  the  first  arch  is  the  greater,  or  added  to  it  when  die 
Grit  srdi  is  Ate  less,  the  sum  or  reminder  will  be  the  distance  corrected  ft* 
the  moon's  parallax. 


■  Sm  Nme  *  Bt  ibe  bottom  of  Pigs  W. 

L=.l,:sa:,G00gIC 


Wn  <nt  nNDHW  THB  LOMAITVIIB  SV  LBHAl  SlUSVATlOiriL 

Bat,  wiM  tk»  dialaueg  ugmUar  than  90°,  the  suqi  of  the  two  anJHi 
b  •  aorreeHonfir  foraUoM,  md  a  alwmyt  to  be  nibtncted  &001  the  cor- 

■■  111  1  il  Ai^tmrt*». 


B.  Eatet  TM»  XXX,V.,  >od  &om  the  column  madied  with  the  distance 
•t  the  top,  oppoate  die  moon^  pmllKx  in  altitude*  in  the  left  side  odami, 
talra  ovt  ft  number  of  aeoondi  inswering  thereto;  thm  in  the  oolumD  «itk 
the  distance  at  the  top,  opposite  the  conectioD  for  p^ralUK,  find  aooths 
number  of  secondB;  the  ditrereneebetveoi  these  being  added  to  thedisuna 
coftected  for  lefnction  and  parallax,  when  it  is  less  uan  90^  or  eubtzacMl 
flom  it  when  above,  the  sum  or  remainder  will  give  the  true  Stance. 

NoTS.  If  the  moon's  distanoe  from  dwsim  Mobswved,  ttmm' be  fur- 
ther corTvcted  for  ihe  parallax  oflheUtta  by  TaUe  A.  (Linear  TaUo), 
which  gives  two  small  corrections,  to  be  found  under  the  apparent  altitude!) 
and  opposite  the  distance,  to  be  applied  as  directed  at  the  head  of  the  columo 
contauung  the  distance-f.  It  may,  however,  be  obaerved  tfast  the  ant, 
arimng  from  die  omission  of  these  corrections,  will  seldoni  amount  to  man 
than  two  or  three  seconds,  and  in  no  case  can  exceed  nine  seconds ;  ih^ 
therefore  Hied  only  be  apijdied  wh«D  the  distance  is  required  to  the  BeanH 
second. 

■  But  if  the  moon's  dislaace  be  taken  from  the  centre  of  die  Haaett 
Vmua  or  Marst  it  should  be  corrected  for  the  efiect  of  thek  panll«^  If 
entering  Table  A  with  the  distance  and  altitudes,  as  directed  fot  the  wan, 
using  the  aldtudes  1^  the  irianet  instead  of  that  of  the  sun ;  l]>en  naiaftj 
the  collection  so  found  by  the  borisontal  parallax  of  dw  )daaet|,  aad 
divide  the  product  by  9:  the  quotient  will  be  the  correctioQ  for  Ae 
planet's  panulax,  to  be  >pp)i^  to  the  distance  by  additioD  or  aiditnclkB, 
as  directed  for  the  fUD.  The  parallaxes  of  the  Phmets  ,/i^Mar  and  JSWwa 
m  too  smaD  to  teqoire  notice. 

Honing  the  true  Dittantx,  to^find  the  LongUtnte. 

1.  Among  the  distances  of  die  moon's  centre  from  die  im,  «  atar,  ■ 
planet,  set  down  tot  everv  third  hour  of  Greenwich  time,  from  Page  XIIL 
In  XVIII.  of  each  montii  in  the  Nautical  Almanac,  find  the  two  jtiiMifT 
between  which  the  true  distance  falls  on  the  given  day  of  the  month  «t 
GreenYrich,  and  take  out  the  intermediate  proportional  u^arithm  fr«»n  dw 
Dokimn  headed  "  F.  L.  oi  Diif.'';  subtract  this  prop.  log.  from  tlK  pmp. 
k^.  (XXXI V-)  of  die  difference  between  the  true  distance  and  that  under 
the  next  less  hour;  the  remamder  will  be  the  prop.  log.  of  «  portJDn  of  lam, 
which  added  to  the  above-mentioned  next  less  hour,  the  sum  w91  be  the 
mean  time  at  Greenwich. 

*  Tba  moaa'i  i-"**"*^  In  iltltad*  Ii  fimiid  by  Tible  B.  (Unwr  TsUet),  u»dsr  dw  aswi 
boriioaMl  pkiaQax,  and  oppiaite  the  motm'i  iltitiid*. 

t  When  ^fftf  [iTiiTnrTlnnnrinilillriiTnrintifnrrlTri  ThdriiTtiil»tnWwU>il  ■  i^— nj. 
bat  if  ons  ba  addttlTB,  udthBothar  labtnotiint,  thfir  IMtmKv  h  in  tin  MtiUrt  -m-  tii%«iwi^ 
MMHing  to  that  of  the  greater. 

t  The  horiuotal  panllaiea  of  the  idaneta  are  gtw  In  the  Nmtloal  Alnmae  tut  HB 
from  Page*  3W  to  S61. 
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But,  as  the  dUtances  in  the  Alnanitc  do  not  increase  or  decrease  uinfinndy, 
m  account  of  the  irregularity  of  the  moon^s  motion,  when  extreme  teeaucr 
■  desired,  a  number  of  seconds  should  be  applied  to  the  above  Greeniocm 
ime  (especially  when  the  prop,  logs.,  opposite  the  diatoncea  in  the  Almanac, 
ncrease  or  decrease  by  considerable  dtfFerencea),  which  nay  be  found  «a 
lirected  in  the  Explanation  to  Table  LIV.  i  vt  by  »  Table  gifcn  in  Page 
>00  of  the  Almanac  fbr  1835. 

2.  Find  die  diRbrence  between  the  mean  time  at  Greenwich  and  the 
neon  time  at  the  ship*;  convert  this  Afierence  into  d^^rees  and  minutoa 
XIX.),  and  it  wiD  gire  the  true  longitude  of  the  ship :  East,  if  the  time 
It  the  ahip  be  greater  than  the  time  at  Greenwich  (reckoning  from  noon 
>f  the  same  date);  but  Wcet,  if  the  time  at  the  ship  be  Imi  tfaim  the  time  at 
jreeBvich. 


EXAMPLE  I. 

June  3, 18S5,  in  latitude  ISP  39'N.,  and  longitude  hv  account  67°  l^E., 
iboat  4h.  P.  M.  apparent  time,  the  angular  distance  Setween  the  sun  and 
oooQ  was  observed  to  be  79°  28'  15",  the  altitude  of  the  sun's  lower  limb 
Ming  S2°  47'  30" ;  the  altitude  of  the  moon's  upper  limb  65°  55'  SO* ;  and 
heEeight  <rf  die  observer's  eye  1 8  feet :  requirea  the  true  longitude  of  the 
ihip. 

Ii.m.  '    * 

EMlniud^tiMuvnt  tiiiiaMihl^.,_.    4    0         Mooo'i  ■omidUni.u  nooo,  JoimS...  IS  S7 
U^iMda  by  MWruat,  in  time   3  49G.     M md'i  augnwnbttloa  (VII.) +  IS 

EidawtadappKr.  dmeMOratniridi.    0  II  Ho«fi'« aiwaieatad  lamidlaHMtr  +  IS  SI 

EimMlonoftiiiiefP.I.  N.  A.)  -    2  Sun'iwniiduiiiMartP.ILN.  A.)  +  IS  47 

Obtemi  diituOT „ „  79  18  U 

Ettlnuud mmlfana M  GranirifA..    0    0  

Ap[Mi«M  dliMnM 7fl  S9  S4 

MooB^kor.pw^  M  noMi,  Jane  3...  iT  SO"  i 

OU.  ritJtDda  of  nn'*  knrar  Hmb  S9  47  M        Ota.  ah.  et  moool  uff&t  Unb ...  H  IS  SD 
Diptfhorism. -    4    4         DlpofkarteM. ......«».  -    4    4 

S9  43  «  flH  M 

..  +  IS  *1         HwMVwgmtnMd  wmUbuMw  -  U  M 


..  8S  S9  IS        Hood'*  ^pMot  altltDde <t  «S  H 


*  If  rither  of  the  oUecM  emplorel  Id  the  loiwr  obMrradon  be  isr  eniniKli  from  tli«  DMridltn, 
iIiellme«tlbeiUBtanibefiiiindfianlt«>hlniteb]rdwR«lMbiSagei9>e,  83*.  8H.  m 
iH)  bat  If  both  OMB  be  too  nMr  the  Mfftdlu,  ar  the  alttendM  aamct  well  be  depended 
u,  (iHhiNij^t  ther  nuT  be  luffideDtly  enet  for  deering  At  dbujice),  the  time  et  the  •hip, 
lad  Omm  OearNr  of  the  wMdi  or  duDDometor,  mnit  be  lataui  dtbet  before  or  afiar  (he 
uHeon  ii  taken,  aol  lh«  onar  anilied  to  die  mean  of  the  tumw  pvea  bj  the  lame  nlih, 
rhen  thidinancei*  ebeervad  (a*  <D  tne  fourth  and  filUi  Example!);  and  it  miut  be  undentood 
,k-<-.v, ...._^^,_,.. ...  .  ■  n,wmbethalofth»ih^at 
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Tojtnd  the  true  Dtttarux. 
METHOD  I. 
OEZX.)  (XXX.^ 

1  •■  tpp.  alt. O" Mf. uidlutr.  pw.ir.  n    t «  M  H 

Put*  fbr f  iltlttida  +    6 _.„.„,_       +  1 

mttohtiVjmnaMx +    8 - +U 


'■oRTMtiaa  n  Ifi 

AnObryK 


'    '    "  SflwoT^ipHantaltlnidti...  M  S4  S7 

Snn-iq^untaltlnid*.,.  SS  S9  13  Mocin'.«irr.(XXX.)ll' !•■»   .    »,  -- 

HooD^  q^unt  ■Idtnda.  SS  SS  H  S""'*  «wr.  (XVIII.)    I  90    J  +  »"  »• 

Snnofapp.  altltadMU).  M  H  37  Bnni  of  trua  ilritudw 98  55X1 


Appvmt  dinuM  ...<C>.  »  Sg  S4 

Sum  of 
.Vsnad 
.V««d. 
.VerMd. 

.VttMd. 
.V«IMd 

.VerMd. 
ODII. 

.31899  pkrti  Tor  teooiu 

1     S» 

.88    5*3. 

.140  SB  68. 
.  19  30  SO. 
_  81    3*7 

.  »3>    S. 
HBTH 

.ri8S4  ... 
.578«8  ... 



SmnortrMWDithdliu. 

689...S 
.90880 

un.ofp«t.. 

Log-diSgr. 
.CoiiD..... 

„C<Mine_. 

.  SO 

gum  of  ■pp.  aldtadM  B8  M    „ 
Hoon'aeorr.SS' llfl      ,    a,  .. 
Sm.'.  €orr.     !  »   1    +  *>  »■ 

Snii>aftn.e>ltlt>ui«MfiGH 

H>lf.agBi 4>  17  58 

An»»ntd<.t«u». 

...  80    0 

ooe  ».98Kn 

....  8.«na 
....  9.a»wt 

HM-mm SB  IT. 

DUr.atio.»aft»fp.^H.    »  17. 

— mi 

.     .     . 

9)I9.CI3IM 

nnu 

SMondt  inenuad.....  -          8 
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METHOD  lU. 
ion*.  appucDt  Mtoit.  Kfiff 

iim.  W  U  Half  

....  68  36  HM  ...... 

19  I8...TBiinDt 9.4660 

i.C»Dd»>rT«Ct>OD 

80     1  13 

Sun'i  appweut  aiatude.  33  6»...C<>-taD^t...  0. 1878 

Uoon'tappuvntaltltade  63  31...Co.tBngent...  9.6570 

llW*>pp.>ltllude 

METHOD  IV. 

.  65  36...Co4ine    ...  9.B163 

Second  OMT....  -          1 

.178  34 

.  B»  17...SMaiil 1.9028 

..  23  i8...CaMcaM 

,     l'W..P.Log. 

.  S3  18...P.  L(« O.SSRa 

Conit.  I«g.  8.6990 

.   1  ii...p.L(ig. sTimFX 

.  88    5 

METHOD  V. 

M 79  SO  Si 

fraction..  +     1  SO 

» 80    I  M...Sme 

altitu<te...  38  fi9       ...Co-Mouil.. 
t  altilude.  «S  3S       ...Co^Kaat 
rtllu S7  10...Fio.Log... 

" 3I4I...P^L<,... 

lalf.^im    

dooo^  comctioD... 

App-dliunos..  78  59  it 

1.MS8                               — — 

79  36  36 

0.3958     San'BGOIT. +     I  80 

9.1303     Fimcorr +     1   1) 

Thirf  cwr +            1 

9.8890                               -i; 

Mff.rfeorrfrtion... 

AppaMntdMte 
OHTCdion  for 

San'i  appBTODt 

nmiKb  .... 

9.M34...T«npmt...  0.75M 
0.264I...„ 

C.«a9„.„ •.M«9 

0.7544                         

CorreeUoQ  for  p>r>ll«x  ...   -  »  31 

;i-g':::j"}<xxxv,, 

79  39  13 

D,3.ii:edb,  Google 

Nm 

OS  mnun  THB  LONblTDDI  BT  LDHAK  OSIBBVATlOVa. 

To  find  tha  Mean  Time  at  Gremwieh. 

Tna  dlMww  (Uctbod  V.).  7VtV  19" 


nnMofdlMaiioabrN.  A...    0    0    0  

Hcui  dm*  at  OtMniricb  ...OBI 

To  find  the  Mean  Time  at  Ship,  and  thence  the  Longitude. 


Bod'*  tnu  ■Idnide SS  S7  S3    Sun'i  d«clin.  mt  Oramwidi  meui  time  tS  1<    J 

» 

enn'ipolu-dtituioe •?  (3  U 

Bon",  tnie  «)dlude tSfiV 

PoUrdiiuiiM <7  44  Co-wnnt. O.OSSm 

Utitnde 13  S9  SMWit O.OISU 


...114  II 

...  S7    S4... 
...  84    7\... 


3  58  17...LW B.3ttS8 

-    B  10  

-i                 Equmtion  of  time.  Jiuia S,  by  N.  A... 
ifl  M  ihip. 3  SS  68    Corraction  for  Sm.    1*.  (Ll) 


_____    EquMton  at  Gt«aDwieh  nwui  tin*..  ■  U-l 
Longitude  In  ttma HI  »  =■  MP  iV  WEui.  

EXAMPLE  II. 

August  10,  1835,  in  latitude  Vf  KK  30'  S.,  and  longitude  by  mcmk 
S7°  30^  W.,  when  ■  chronometer,  vbicb  wu  6m.  4Sb.  too  slow  for  Grecs- 
wich  mean  time,  shewed  llh.  48m.  28s.,  the  distance  of  the  moon^E  remM 
limb  from  the  Star  Antares  was  observed  to  be  99°  ^S*  45";  at  the  nw 
time  the  altitude  of  the  moon's  lower  limb  was  %6°  11'  SO",  Uie  altitude  d 
the  itar  (being  westward  of  the  meridian)  48^  20' ;  the  instrumeDts  propoiT 
adjusted,  and  the  hdght  of  the  obBerrer's  eye  16  feet :  required  the  tro 
lon^tude. 


Oraon«.bTchroD.f Dipcfhoruoo^....  -    8  60    ObMrfed  di 

Sui**  ola.  altinide.  48  SO    0  28    7  40    Apparmt « 

Dtpofhoriiou —    3  fiO  y*i  kugnea.  Mmld.  -f-  18  91 

Star^  *pp.  (llitude.  48  16  10  yiapp.  sldtude...  H  SS  II 


.,  Cioogic 


e'H  TINDIlfG  THB  lONOITDDK  BY  LDKAK  OBSBITATIOIU.  SUS 

Tojind  the  true  Dittance. 
METHOD  L 
(XXX.)  {XXX.»> 

yim.^t.itfWyMA^ta.fKr.ie^  49  7" WX^W 

Aru  for  3*  ■Ititudi    +    9  +    S 

Ditto  for  SO"  pknllu +  97  +    S 

■■    —    Paru  for  Stu'i  appstoit  «lt.  4S='        +    0 

Uoon'i  eDrrMtion   48  43  

Auulikryan:  60  13  W 


Stu'>  appsrent  altitude  . 
Uoon'i  appanmt  altitude. 


"  '  "  Sii)ii<ifappar«Dtaltitnd«i...  7i  39  91 
.  «  16  10  MoMi'.««.(XXX.)48'*a"»  ,  .,  „ 
.  96  »  II    Slar'aoorr. (XVIII.)  0  51    J"*"  "  *^ 

Snmrf  app-altimdeiCA)...  74  S9  91     Sam  of  tine  altilud« 75  97  IS 

AiBiliary  are  (B)...  60  13  36  '"* 

Apparent  diatuee  ...(C)...  t)9  33  It    Snmof  trueienithdiiUiicnlOl  89  47 

Sninof  AandB 134  S9  S7...Verwd...  0645B  p«rta  for  Moood*  IM 

DifF.  of      ditto     14  95  4S...V«rMd...  31489  3S 

Sum  of  B  and  C IS»  46  SO...Vened...  88^99  86 

Dlff.  of      ditto     39  IS  S8...Vcn«d...  16344  118 

Sam  of  (rue  Hinith  diiti...l04  39  (7...Vened...  fiOM3  191 

678    Sum  of  parta...  678 

True  dittanoa    98  48  46...Veraed...  B3906 


METHOD  II. 

Star**  eppaTent  altitude...  48  16 48  16 

Mmii'i  apparent  altitude.  96  23  96  93 

Apparent  distance.  89  33 

San  of  apparant  altitudee  74  39    „  ' 

Haoa'tcorrcction48'43'')    ,    ..  ..    Sam 174  19    Li^.  difference  9.097013 

Sor"!  oorrertion     OBI/'*"""    Half^um 87    6...Co.dii« 8. 704090 

Differauce  18  i7...Ci>^De 9.989663 

Sum  of  true  altitudei 79  96  Si  

9)18.890768 

Hilf-tam 87  43  M  

Arah 19  47  SI .'. Sna   9.345384 

Kum 50  31   17 Ci».alDa 9.803313 

"  _ Co-due 9.857536 

2)19.760849 

Bin*  9.880494 


Inia  diaiancc 98  48  44 


Nn2 
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OM  riMDIMS  THa  10MOITDI»  BY  LOMA»  oaUBVATIVNS. 
METHOD  III. 


Son  ...» 74  a9  Hair. ^ S7  19  ...OMwinnt^  O.lin 

Diffcnww 91  M  Hiir. 10  18  ...Twageat 9.tSS» 

Appuant  diiuuca   B9  33  l4"..Utll. 49  4SI...Co-tongent 9.Mn 

^'—  ~— !~  .  +    0  44  

Arab  A 1>    e  ...Tmngent 9.BII 

-  4S  IS    DiScrenca 37  40).,.Ci>.Uiig«u...  A.tUI 

Sur*!  apparent  altitude  48  16  ...Co- tangent...  9.9JN 

98  49  46    StaT'iconectioD ffSl"...?.  Log.  9.3B1 

Fint  oofTcctioD 0  44  ...P.  Lw. S.39lt 

.  98  48  45  

-  .  -■    Sum    61°521'...Ci>.tangnDt...  9.7M 

Hoan'i  BDD.  altitude...  18  13  ...Co-luiKMit...  A.IBIi 

.*8'4r...P.Log.  O-MK 


.  49  11  ...P.  Log.  . 


METHOD  IV. 

AppamtdlatanM. W  33...Sh>e.,. 9.9989 9.9939  Hoon't  com... 

Mooti'a  app.  altitiida...  96  93...C>04ina. 9.9519  Saomd  ran.... 

Slar'a  qip.  aldtuda  ...  48  16...Co.tiika. B.8!33  Foonh  oorr.... 


Ualr.nifa  87    8.  .Secant  

Fint  ivnaiDder    88  S0„.Co.4acaDt... 

Second  rmnaiDder 60  43...Co.4ecaDt.,. 


Stai^  conwction   fffir-.P.  Ijog. fl.3359    Fint  ODn 

Uooa'i  oorrectioii 48  4S...P.  Leg. 0.567B  Third  mi 

ConiLLc^.  9.6900. 9.8990 

f^ttomction 8  SO... P.  Log. l.71l8P.L.8.1974...S<)coQd  o> 

DilT.  of  eonveiioiu 4S  18 

METHOD  V. 


CorrecMd  diatanoa....^...  99  35  4S...SiDa  9. 9939...Tai)gaDt....  0.f7K 

Star*)  apparent  altitude. .  48  18      ...Co-wcant ...  0.1171 

■"       ■  •  ■     "    ~B  83       ...Cosecant. „.  0.S593 

56  3a..Pia.  Lag....  0.5031 O.SUSl 


Third  MrracttoD  ., 
True  distance    . 


b,  Google 


OH  riHDniO  TUB  LOirOITCOB  BY  LDMAS  •M«SYATIONB. 


Tojind  the  Mean  Time  at  Greemoioh. 


1  3S  S5  Fro.  Log...  »34 

h-m.   s.  

9  57  Sa «...-...  Pro.  Log...  0053 


'HmeofdittuicebrN.A S 

Hmu  time  u  OnenwiA   II  57  59 


ToJlnd  the  Mean  Time  at  Ship,  and  thence  t/^e  Longitude,  by  the 
Lunar  Obeervaiion  and  Chronometer. 

3  10    Scar'i  rtght  uceniioii,  Juiiury  1834  16  19  U 
51     Annual  TBiiatlon  +  Si.dS  X  1}  =  +  S 


Cwne.  far  llh^  58iu.  (XXfl.)  +     I  S3 

■  Sur'i  decliiiatioa,  Auguit  189S 9S    8  SI  8. 

San^  B.A.  >t  Oi««nw.  tima...    9  SO    8  90 

Star'i  polar  distance 68  56  >9 

Star*!  trae  altitude 48  15 


...CO'tacant..., 

...Conine    .... 
...SiM 

Star-idlakfroaMierid. 
Star*,  right  a«»n«ion.. 

h.  m.  i. 
3    4  low., 
16  19  19 

Hnn  time  at  ilkip 10    8  89  Atig- 10. 10    8  39 

Uean  time  at  G^en-)  ,,  .i,  .a  t        in  Haan  tima  at     )  ,,  .e  ia 

'm^^SJ^'S'o^t   '  *»  «>^«'^'^-^X^^.]    '  "  M  =  96°39'3ff'y. 

D,s.i,:.db,  Google 


978  OH  FIMDItlC  THE  LOKOITDDE  BY  LUHAB  OBSEBTATIUNS. 

EXAMPLE  III. 

January  7.  1835,  in  latitude  i4PSV  N.,  and  limahude  by  i 

55'>  15'  W.,  about  6h.  5Sin.  P.  M.,  the  obserred  angular  distance  of  the 
moon's  remote  limb  fitiin  the  centre  of  the  Planet  Mars  was  72°  4S'  15'; 
at  the  same  time  the  aldtude  of  the  planet's  centre  was  27°  1 2'  (Bast  of  tJK 
meridian),  and  the  altitude  of  the  moon's  lower  limb  71°  44^ ;  the  heiglu 
of  the  obserrcr'a  eye  being  S4>  feet,  and  the  index  error  of  the  sextant  with 
which  the  distance  waa  Uucen,  +  2'  15" :  required  the  true  longitude  (rf  the 
ship. 


Mwi'obfc»lti(ud«  t;  Ifl    0  71  41  18    Ind.err.+B'iyJ 

Dip  Af  boricm   ...  —    4  41    Moon'imng.Mnud.  +  H     I 


-  IS    1 
=  73  UM 


Han'ap^altinlde  17    7  IB    Mocm'iapp.  alt....  71  S»  19 


METHOD  I. 

(XXX.) 


Appu«Qt diitance.  73  StU 

HafracrorMan'ah.        I'  fl* 

Hvt'  panllax  io  I  ,. 

■It.  (XLV1U.)|~      " 


Ditto  fur  II"  ] 


Pvu  for  Hui'  app.  allituda  17°,  1  , 

Moon'*  nmctlon 18  97        ud  bor.pu-.  It'' (L.)   /        +   * 


"  '  "  Sum  of  ■ppamit  aliitidM...  M  fi  97 
Mocm'i  ^pnent  rUtitude...  71  89  19  Hoon'i  oorr.  +  16' ir'...!,  ,.  ^ 
Man-  apparent  >ltitud<i   ...  87    7  18    *!•«•  oorr.    -     1  39  ...  f  +         " 

Bumofapp-altlEudMlA)...  99    fl  S7    Sun  of  UuB  altitude*  99  9t  2S 

AimliMTani (B)...  60  28  40  '*° 

Appamt  diJtance ...  (C)...  78  19  IS    Sum  of  true  lenith  dim.  ...  BO  S8  SS 

Sum  of  A  and  B  159  S5  ir.-.Vened...  37181  parU  for  teoooda    18 

Diff.of     ditto      38  37  fi7...Vemd...  IB661  ITS 

Sum  of  B  and  C  ISS  S%    9...VeiMd...  S157S  SI 

DiKof     ditto      la    0  49...Vnr««l...  11853 51 

SumoftrueMuitlidUt*....  80  38  S5...VerMd...  37148  1S7 

ilSl  Sum  of  pant  ...  451 
Tme  di*taiice   71  SI  36...Vened...  96967 


D.=.l,:sa;,  Google 


ON  riNDIKB  THB  LONGITUDE  BY  LDNA«  OBSEBTATIOH& 
HETBOD  II. 


m 


Kb.  71  SB  19 71  09  19 

IB...  M    7  18 W    7  18 

Appveot  diit...  79  S9  39 

Sum  of  ■ppannt  iltiiudea  99    S  37  

Uoon-ieorr.  +  lff'«7"l    ,    ,.   .a    S"™   >^I  X'    ^    Lev. dUforrnxM  9. MS8M 

Man'carr..  ~     1  39   f"^  "  *"    Half  85  48    3...Log;MHi>>e...  8.S846SS 

Differenoe 13  IB  34...Liig. cosine...  9.988176 

Sum  of  trna  •Itiinde* 99  21  S5  

«)  I8.MM8S 

H»lf 49  40  4S  - 

Andb 15  E9    I ^ 81ds  9.433944 


Corrected  diiUncs. 79  SI  2S..,Sin«  9. 9795...Taiig«nt„.  0.S019 

Mm'  appwsnt  altitude  .  97    7  18...Ci>.«ecwit ...  0.3419 

Hood'i  appuwit  ■Itituda  71  59  I9...Ca-*eauit ....0.09IB 

Moon-ihor.panllu. M  lI...Pro.  Log....  0.S914 0.S9U 


...Rv.  Log...  1.0451 


To^find  the  Mean  Time  at  Greenwich. 


Time  of  diitanee  hy  N.A... 
Ueen  time  u  Onemridi... 


9941 

.  P.  Log....  1.4699 
..P.  Los....  1.17SS 


9  19    1  Jan.  7. 


D.=.l,:sa;,  Google 


S80  OM  FIMDINO  THX  tOROITUDa  BT  LVSAB  OBSBBTAYIDMl 

TVjSnd  fA«  Mean  TUne  at  Ship,  and  Ihmoe  Me  LtmgUKie. 

-      '    <•  b.  m.  L 

Mm'  upMnnt  altitnda W    7  li     Snn'.  R.  A,  3mn.  1 1f.  tl  N. i)  19  »  9 

JtMfttaUm » -     1  SI      ComctianfaiBli.  Um.  tkxit«i.  +    ■« 

S7     5  n      Sun'*  B.  A.  ■(  Orsmvlc})  &M  ...  19  13  R 
AnlUi  Id  ■Wtade  (ILVIII)  ...         +  It  

Vkn' tTM  aldtiidv 27    SM 


h.  IB.  «.  o      -    » 

lUn' B.  A^  Jmi.  r.  6  49  M  (P  J>I,N.A.>  Hm'dw.Jui.7,  S7    0  SfiN.(P.111JLA.) 

Ditto,        Jui.8,84t44  Ditto,    Ju.8,27     9  59N. 

Tar.  bM&ttu* lU  Log.  1.1498  Var.  Id  14  lioun...          8  18  Log.  I.OIB 

Oraaiiwidi  tini* 9b.  ISin.    Log.  V.  4164  Graanwidh  tima...   9b.  \3au  Log.  OJftt 

Tar.  Id  9fa.  18m -    0  39  Log.  I.S66>  Var.  in  9h  12m.    +     0  53  L(«.  I.UU 

Han'  R.  A.,  Jao.  7,  6  48  98             Man'  iee.  Jan.  7,  37     0  S5  N.      , 

Ditto  at  OraM»*.tiD»T^47  ™^'tta^}  ""TmN. 
Man'  polar  iht...  8t  58  31 


Man*  tnia  altltade 97    SI 


.  19  IS  fiS    Coir,  fat  gii.l9iii.(Li.) +  *■' 

ilOraaDwidh  tioic t  "* 


Lon^tndB  Id  time 9  19  13  =34°4S'1S"  W< 


b,  Google 


an  PtMBnill  THK  LamiTIFDE  BY  LI7HAR  OBSEBTATIOIW. 


EXAMPLE  IV. 

September  18,  1835  (civil  time),  in  latitude  4T>  45'  N.,  and  longitude 

bv  account  129°  15'  W.,  the  followins  sets  of  altitudes  and  distances  weie 

I  obierved  at  about  Ufa.  10m.  A.  M.  sfiip-time,  in  order  to  detennine  the 

'.  true  longitude ;  the  corresponding  timea  being  taken  by  a  chronometer, 

which  was  at  the  time  of  observauon  32m.  48b.  fatt  for  mean  lime  at 

'  Greenwich,  and  was  gaining  14s.  per  day ;  the  height  of  the  ofaacrrer's  eye 

beii^  90  &et,  and  the  errors  of  the  instruments  previously  ascertained. 

TimMbjchroii.  Ot».a]ti.O'i L.L.  Ob*.>]u.)'iU. L.  Obi. dUuncei. 

h-m.   t. 


8  Ifi  tf 

17  10 

18  17 

19  2S 


«4  43  » 
»  Ifi 
fi4  30 

S6  15 


19  SO  IS 
19  10  0 
II  55  80 
II  IS    0 

II  31    0 

50  47  46 


Ukmu 
Hmii  tinuM 


HmtimBM     )  7   u  91  <UM  i«  ^  IIS  6«  II  fiS  33  104  SS  S8 


DiSartDce  in  IS  hoon  .. 


S     Difference  In  tShmr*  .. 


Uoon'i  faor.  p«ir.  at  noon,  SapU  18  .. 
Ditto        atOraoiv.iDMDtlin 


64  ID     Moon** 
G4  11  IHtto 


Ot«.i]t.inn'iL.U44  5S  S4  OhMdtmfloD'iU.L.  II  56  83  Maea't  mg.  maai.  +  UiS 

Dip  of  horiion   „.   -     4  17     Dipof  horiiOD -     4  17  Sun**  MmidiimeMr  +   IS  S6 

Obeerred  Hmuia  104°36  S3 

44  40  S7  II  S2    8  

Bun'i  Mroldiim...  +  16  58  Moon*!  uig.  lemid.  —  14  49  Apparent  distance  106    7    8 

Son'i  app.  alt ..  46    6  38  Hood'*  app.  ale  ...  II  37  17 


Tofnd  th€  true  DMance. 
BIETHOD  L 


(XXX.) 

(XXX") 

.:;::    +  i 

Paru  for  «m'.  tpp.  >!(.  46=   . 

....        +    4 

Atiiaiarywi!  

Oo 

....  80  5  as 

Cjoogic 


OH  FINDING  THI  LOHeiTOOS  BT  UntAR  OSIHTATtOXB. 


SulD  of  appuMt  altitodM SCUM 

Hoon'i  ippuolt  ihitiid*  .  11  87  17    Moon'i  eorr.  (XXX)  +*S3g'\         .    . 
fiim'«  •ppmnt  altltiide  ...  43    S  SS    Son'i  oorr.  (XVIII.)  -        «l    f+*»*' 

Sam  of  app.  altilnda*  (A).  SO  41  60    Sum  of  inm  altiMdn 57  90  33 

AuHUit  arc (B).  60    «  38  '°° 

AppwantdbunM  ...  (C).10S    7    8    Sub  of  true  nuith  dUtanm 189  >•  tS 

Sub  «f  a  and  B US  48  18...VwMd S0878  paru  for  acoDoda    78 

IMKof     ditto     8  n  38...V«nBd 0I7M    U 

SnnK^BandC  185  13  36...Vened 888SS    „ 44 

DIM.  el     ditto     48    I  40.„Vmed B3OO0    138 

Siim«ftru«iaTathdiiti....l»  99  98...Ven«l 87064    114 


8S7     Sum  of  part* ... 
TraadlHanoe  lOi  38  33...Van«d 40M7 


METHOD  V. 


CorracdoD  for  refr*ctioa.  +  4  19 

Corrsotad diitaoce lOB  11  SO...SIiw  0.8848...T«ngrat....  0.9084 

8uD*i  appamit  altltuda. .  45  S  33...Co.HC*nt ...  0. 1498 

Mood'i appaiant  altitndo  II  87  l7...Co-McaAI. - .^  0.696O 

Uoim'i bar. parallax 84  ll..,Pro.  Log....  0.8914 O.StU 


Third  EOrractioo  . 


DifferaoM 47  18 Fro.LoK.  8813 

1  44*45 Pn>.Ix«.  «351 

TimeofdiiuneefnimNA.  6 

lima  Ume  at  Grcenwieh.  J  U  45  Sept.  13 
94 

IMtlo. 81  44  45  pait  noon,  ScpL  19 

Tbe  sun  being  too  near  the  meiidian  at  the  dme  of  taking  the  distaacet, 
to  ii^  tbe  time  from  its  altitude,  the  following  obgervatiom  were  made  tt 
about  4h.  5m.  P.  M.  ship-time,  in  order  to  determine  d>e  error  of  tbe  cbro- 
nometer  at  the  meridian  of  the  ship ;  the  latitude  being  then  47^  S'  N.,  tfac 


ON  rntOlNO  THR  LOMGITDDB  BY  LU.S'AK  OBSEBVATIONS.  X88 

longitude  hj  iccount  128°  Sif  W.,  the  height  of  the  obserTer''a  e^e  90  feet, 
and  the  error  of  the  sextant  1'  10^  to  subtract :  required  the  lon^tode  of 
the  ship  by  chronometer  and  limar  oburratioo  when  the  altitudes  were 
taken. 

TlmabfCluo.  DlH.Alti,0'iL.L. 

h-m.    t.  "     •      "  fin 

13  II  16  SI  43  SO  San'tdecJm.SeM.18,)    ,  ,.    sm 

U  30  21  26  SO        (P.II.N.A.) f  '  "    ""■ 

13  S6  31  15  £0  Correcfor  ISh.  Om.)        „  ., 

16    0  SO  a7    S        (XXI.) J-IIW 

IS  19  SO  44  SO  CoTTM.  torOh.41iii....  -        41 

6)   68  80    106    6  SS    Sud'i  d«diutkm  »tl   ,  .«  »,» 

GreMHrich  time  „.  f  '  *"  »""■ 

Meoaof  timMbrdrODOineter.  13  13  42      SI  IS  11  90 

Chraoomeler  g^ntd  la  Oluun  —  3       —     I  10  iDdsz  err.  —   -p 

u         j_      k  _»  >,»  -i._™  k  ^~~'^~'  Bun'i  tH^M  dUUDM ...  86  13  10 

Haul  tntie  iDeim  oy  cDTon.  l  ,.  ,.  .„  oi  iq     i  . 

whenO'iJt-wuobMrredJ"  '^'*  "   "     '  

Cfarofi.fut  when  din.  wu  obs.  -  33  48  -  4  irDipofbor. 

MMatimeatOTBenw.bydiToii.  IS  40  51       Si     7  44    BquUioaortimeSeptlS,)  g  5g  a 

Conection  Table XVIII.  -    8  18    CoTT.fo^lSh.'VimVfU^".  +  II.S 


Suit'*  tma  ehttude... 


Snn'i  poUr  dutanoe ,  86  13 Co-teoJit  0.00096 

Sbip'ibtitude  47    8 Scant ...  0.16730 

True  altitude    SI  SI} 


.AH  4Si 


H>lf.«mi    77  SI    ...Conine...  9.34043 

Kemaiader     85  59j...3ine 9.91S63 

Appamit  time  at  iliip   4    8    7 Lof. 9.4S7S1 

EquaUoo  cf  liine....„ —    4  10  

Mean  tima  at  ihip 4    4  67  Sept.  13 4    4  63 


Mean  time  ihewn  by  chron.  wben  I  lo  la  on      Mean  ti  .  ,,  „.  .. 

tlM  Bbore  alt.  wai  obHTTed f  "  '^  "  Oreenw.  by  ehron.  f  "  *"  °'       „      ,    , 

CbrnD./ufCorraeaii  tlmeatibip...    9    8  4S    Long.intlnubychr,  8  3S  S4=1SS  S8  SOW. 
Tim«  by  chro.  when  dbt-wat  taken  33  18    9  pan  noon,  Sept.  IS. 

Mmu  timeof  ebi.  distaueeat  ibip.  S3    9  S7      ditto,      Sept.  IS. 

"sSr"-°s:rl'..:':!?.!l:!!!Lii^  •"■•«.  ^^t'- 


NovB.    The  aboTe  bong  (he  longitudes  deduced  from  the  chronometer 

and  lunar  obferration,  lit  4b.  4ni.  578.  mean  time  at  the  ship,  September  IS, : 

thai  is  when  the  altitudes  for  time  were  taken,  th^  may  be  tedoced  ta ' 

noon,  or  any  other  time  of  the  day,  hy  the  log. 

Oo« 


.l,:sa:,G00gIC 


WBm       OH  riHMiia  ths  lshoit«i>b  it  lbhak.  •nKSVATtvas. 

Thw,  nqip«W'it  weiencpnrad  to  And  A*  kagilade  of  tlieiUpii«i 
tbe  diitincwi  were  ebiWTcd.  Bjr  compirii^  die  longitude*  by  mtxamt  A 
hoik  obserratinu,  it  ^>peu«  that  the  ilup  bma  iiade  40  ■3cb  of  loarita^ 

to  the  But;  vhich,  being  idded  to  128^  49^  ST  W.,  the  longitiide  by  tk 
liinir  obaemtion,  when  the  altitudes  wete  obecmd  fw  dme,  raves  tk 
longitude  129^  Si'  S(y  W.  when  the  distances  wen  taken ;  the  bH^tudB 
by  the  chronometer  at  that  time  bnng  litSf  41'  SO"  W. 

EXAMPLE  V. 

March  16, 1R35,  in  latitude  S6°  7'  S-,  and  lonoitude  hj  account  S2°  East, 
the  following  altitudee  of  the  sun's  lower  limn  were  observed  at  absal 
4h.  50tn.  P.  M.  ship-time,  with  the  correspon^ng  times  taken  firom  a  chro- 
nometer that  was  5m.  48a.  fist  for  Greenwich  mean  time,  wbea  the  ■IijiibVi 
were  observed,  and  was  gaioiag  daily  2.Ss.;  the  height  of  the  obsemr'i 
eye  being  18  feet,  and  the  error  of  the  instrument  (y  HO"  to  be  subtracted: 
required  the  mean  time,  and  error  of  the  chronometer  for  the  meiMfim  d 
the  ship,  likewise  the  longitude  of  the  ship  by  ii»  chronometer. 

9  46  80                                I7SS10    Ob«.mluf um'i  I,J^  If    4*7 
47  M  17  17  80    Dipofhorixm -    4    1 

49  6  17    4  10  

50  \a  IS  49  SO  17  «  e 

91     9  '1S3&SS    CoRJtamT.XVTII.  -    SH 

6)  S44  U  I)  85  S6  >S  10  57  0 

Sud'i    ™""*"~TtTT    +    16     * 

MeanofiimeibTdiro.  S  4aS9    Mean 17    S  17  

Chronomvur  flit    ...  —    fi  48    Index  ener    ...  —  30    Suii'i  trna  mldtttda.  17  13  3> 

MeintiBMMOreBn.),  ^  ,,     Obi. lit. of  L.L.  17    4  47 
by  chrofKnneur  ...  f  

ftun'i  deo.  (P.  II.  N.  A.) I  M  38  S.  Mandi  10.        Eq.  of  dn*  by  N.  A.'s  M.  I 

Corr.  for  Sh,  43m.  (XXI). -    3  38  Corr.  for  2h.  43.  (LI>.  —   S.S 

Snn'i  dec.  at  OtMnwidi  tinM .  1  51  CO  S.  Eq.  M  Graaaw.  dn*.  I  M.  I 

go  

PoUr  dlitaora 88    8        ...CiHMauit...  O.OMOS 

Ship's  Utitude. 36    7        ...Secant O.OBaOS 

Tni*  altitude IJ  14 

Sum    „ 141  29 

Half'OiiD   70  44)      ...CMine   ...  9.G1838 

Bemalndar 63  30)      ...Si na.. ......  9.90633 

Apparent  time  at  ihip 4  89  43  ...hag. 9.61643 

EquattoD  of  time  +   8  66  ___^ 

Urn.  *. 

Mesh  time  at  ibip 4  48  39      Match  16  4  48  M 

Ueaaof  tioieibychrooom....    3  16  60      Mean  time  at  Gr.  bydira  3  43  11 

Chro.ita>faris«iitbneatihlp  I  S9  40      Long,  bi  time  bychnw.  3    6  a8=:Sl°i:fK, 
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In  die  ennkg  tbe  fiiUoiriiig  observatioiu  veie  made  «f  Ae  moon  sod 
tbe  Star  Re^us  (or  «  Leonis  :)  required  from  thence  tlie  longitude  of 
the  ship  whea  the  utitudes  were  t«ken,  to  ascertain  the  enoi  of  Ute  chro- 
nometer for  ship-time. 

TlBaWCknn.   AlKofMoaALX.    Alajif#Rcgiitaa.    BM. >^ RJ-Avb # 

78330  SGSeO  38SS0  SS380 

34  U  Se  19    0  39     9    0  4  10 

36  60  26  44    0  39  10    0  6    5 

37  17  S710  S9I4    0  S40 
39  19  S7860  39S80  63S 

S)  179  10    133  SS  0    196  44  0       84  SO 

26  43  0     39  8  48     99  4  58 

-1-9  0     -  3  SO        -30lDd.em. 


7  35  40.S        86  4S0  89998  96428 

Chrna  ihie  for  merid.  oTt 


M.J.1  99  40 


Mean  of  timM  by  cbrononeMr ,  7  39  90 

Cliroii./HlfaTOrean<ir.tiiDe...  —    9  48 

Cbron.giinari  in  9  hoan.........  —         0.9 

Mean  time  Bt  GrDBQw.  b]r  chron.  7  30    1.9 


„  26  40  96  

Uaon^aogmmlediemldlucelar..  -|-  14  38  a     i    « 

„  St&r<i  obMired  Bltlmde  3B    9  98 

Mora'i  appartat  aliiaule. ^  28  97  34  Dipofhoriios ..  -    4    4 

Star'*  apparent  altitude  39    I  94 

To^nd  the  true  Distance. 

METHOD  I. 

.,  ,    _  (XXX.)  <XXX*.> 

1  ■  IM^  alt.  igogO',  and  hor.  pur.  60'-  91'  30" BO"  14*  4V 

Pw.  £w  8- rititode   +    7   „        +    4 

"™I«39"pa™IU«« -I-  39    +    B 

u ,  '  Parti  for  itar'i  ntparant  att  39°        +    *• 

«o«'«  DOirenum  92    9  

■■  Anifliary  are  ...- 60  14  98 
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tBt       oa  muHHa  thb  fcoHaitvos  it  ldhab.  «BaKa*An««B. 

Tfaoi,  mppowit  «eie  i«i)ini«d  to  And  tiie  haptoJe  rf  dieda)[>  vlien 
the  .dittinoM  were  ebierved.  Bjr  compwii^  die  liuigitude*  by  mxaaat  at 
bodi  oboemtiinu,  it  ^pean  that  the  Mtp  has  made  Hi  Kika  of  loaghode 
to  the  £ut ;  which,  being  added  to  128°  49'  SO^  W.,  the  longitude  hj  dw 
luDir  obaerration,  when  the  altitudes  were  obao-ved  for  time,  gires  the 
longitude  1K9°  32'  30"  W.  when  the  distances  were  taken;  the  longitude 
by  the  chronometer  at  that  time  being  120°  H'  30"  W. 

EXAMPLE  V. 

March  16, 1835,  in  laUtude  36^  7'  S.,  and  loontude  hj  account  32°  East, 
the  following  altitudes  of  the  sun's  lower  limn  were  observed  at  about 
4h.  50m.  P,  M.  sbip-Qme,  with  the  corresponding  times  taken  &om  a  cliro> 
nometer  that  was  £m.  48«-  fast  for  Greenwich  mean  time,  whu  the  altitudes 
were  observed,  and  was  gaining  diuly  2.  fis, ;  the  height  of  the  observer's 
eye  being  1 8  feet,  and  the  error  of  the  instrument  0'  30"  to  be  subtracted : 
required  the  mean  time,  and  error  of  the  chronometer  for  the  meridkui  of 
the  ship,  likewise  the  longitude  of  the  ship  by  the  chronometer. 


S4SaO  17  U  so  Obi.BlMfraii'iL.L.17    4  47 

47  M  17  17  SO  Dip  of  horiioD ......   -    4    4 

49  5  17    4  10                                      

50  15  IS  49  SO  17    0  43 

51  9  '18  39  11  CMTJromT.ZyiII.-    t  66 

fi)  S44  56  S)  B5  86  25  IS  57  47 

MeanoftimeibTchTD.  II  48  59    M«>i> 17    5  17  

Chranomeur  flit    ...  —    5  4B  Index  error    ...          —30  Snii'i  tru*  altltade.  17  13  6S 

M on  time Bt  Orenu  I  ,  .~  , ,  Obf.*lUofI<.L.  17    4  47 


Suq'i  dec  at  Oroanwich  time .  1  DI  fiO  8. 


Polar  dUtanca... 
Ship's  latitude... 
True  altitude  ... 


En.  at  Oreenw.  time.  8  S 

.  o.seoas 


Jf  eaa  tinui  at  ihip    . 


.  70  44|      ...CtMiDe 
.  63  301 

4*99  43 


.Sina.........  9.90633 

Lof 9.61043 


2  48  60 
■litp  1  S9  40 


Long.  Is  time  bfdinm-  3    6  28=31°  27 E, 
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oit  rrMMKG  Tun  LeMaiTDoa  xr  LVMAa  oisbsvations.         28S 

la  die  CTcniiig  Uw  faUowing  obeervations  vera  made  of  ^e  moon  and 
Ae  Star  Regidus  (or  «  Leonis :)  required  from  thence  tbe  louEttude  of 
the  ihip  when  tbe  udtade§  ntste  taken,  to  aacertam  the  erroi  of  Uie  chro- 
Doincter  fiw  sfaip-tiiDe. 

•nam^amn.   AHtafUim^IU.  Alluf#KfgiilH,  BM.>VILUivb^ 

h-m-.i.  0      ,       »  g       (    »  D       I     > 

7S930  SfiSBO  311  AS    0  SA380 

34  H  9S  19    0  39    9    9  4  10 

8S  50  88  44    0  39  10    0  G    5 

37  17  97    1    0  39  14    0  S  40 

30  19  S73G0  39S30  S35 

B)    179  10  138  35    0  195  44    0  94  50 

Ucm  of  times  tnchron.    73550  98430  S98  4S  5945S 

Chn.g«]nediDinMmtl        -    0.5        +90  -    3  90  -SOInd.em. 

7  35  49.5  96  45    0  39    «  98  50    4  98 

Chron  itow  for  merid.  ofl  ■  ^^.^.^ 

ihip  where  tinw-alM.  [■  1  59  40  h.  m.  ^ 

were  abtarve4.^....,,J  __^^                   Hean  of  timM  by  chranomeUr .    7  3S  SO 
ilMntimeMthMniar.l„a.  «,  .                  Cliroa./iu(  for  Oreraw.  Urae...    -    5  48 
when  diitwM  obi...  p  "  "■"  Chron. gJn«d  m  5  hour* -         0.5 

MeuiUiiieat  Oneaw.byehnm.    7  80    1.5 

Hoon'i  horiiontal  panUaz  m  noon...  60  87     Moon's  leniidiunclar  M  noon  IS  31 

DiUD  M  midn.-  60  86  Ditto  M  mdnlgfat   ...  16  81 

DiAnnoe  in  19  konn  .„ 1      Djflenooa  in  19  honn  0 

12h.  1  1"  ! .  7ih.  t  1"                                           19h.  1  0"  1 J  7i  .  0" 
HooD'a  horizontal  ponUu  at  nooa  ...  60  37     SIooo'i  aeinidiuneMr  u  noim  16  81 

Ditto  at  Oreenwich  mam  timo. 60  36     Ditto  at  Onenvich  mean  time 16  31 

— ^^     Modd'i  augmantation  IVII). ~,„  ■+■    7 

"     '     "  Moon's  Bugmentod  Kimldlametar  ,  —  IS  38 

OUarrcd  ahttode moon**  L. L. ...  36  45    0  Oba.diaLof  moon's  nmota  limb...  56°  4  98 

Dip  of  horison —    4    4  ' 

'^—^—  Appanmt  diitance    54  47  50 

ss  40  as  

Moon**  angmmud  wmUIameter..  -|-  16  38  aim 

-  Star's  observed  nttitode  38    5  H 

Hoon**  nppamt  altitnd*. .;;  SS  67  34     Dip  of  horinHi  „.„„„...._„....  —    4    4 

Star's  apparent  altinide  39    1  X4 

To^nd  the  true  Instance. 

METHOD  I. 

(XXX.)  <XXX*J 

>'i  app,  alt.  aS'SO',  and  bor.  pv.  W-  51'  3V 60°  If  45" 

Parts  for  8*  altltoda    +    7    +    4 

Ditto  for  as*  yuallsi „ +89   +    9 

-~^     Parti  for  itar't  apiiannt  ah.  39°        +0 

59    »  

•     AuxUltr;  arc  ..._ „....  60  14  SB 
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e    '     "  Sum  of  >ppu«nt  ahitadei 65  S8  58 

llMn.*.  .pp^l  JUlu*. »  57  M  Mo«.-.  o-r  (XXX)...  +  5#    ff'  J  ^.  jo  59 

StvS  ^>pu«it  iltitiKl. 3>    I  t4  H*^' ow- (XVIUJ...  -    I  l»    ( 

-         -  ...  ...       -,  ,_  ,_  Sam  of  tnis ■IlilndM 86*937 

AuiUUry  arc. 
App>r«Dt  ditUnce. 

Sumof  AuidB 116  13  S6...  Veiwd 90S10  pam  for  •acondB... 

Diff.of    ditto      6U     0...  Vwwd KOOt   

Sum  of  B  ud  C  ..^ IIS    S  48...  Vened 23U6 

DifF.of    ditto     5  17    8...  Venad M690   


Sum  of  tnie  ceniih  diiu. 113  10    a...Verwd 03107    31 

445   SsmofpsTtt  ...  445 


..  54  81  40...  Vcrwd... 


Corractad  diitanoa   54  48  57...Sine 9.01S4...Taiig«nt...  0.1918 

Star'i  appucnl  altituda  30     1  !4...Co-Mcmnt...  O.IOIO 

Moan'i  apparent  altitude    S6  57  84...Ck».«ecent 0.3436 

Mood')  hor.  panllai  60  36...Pro.  Lof(....  tt.47SS. 0.47i6 


54  54 Fio.LaK..., 


Tine  of  di 

Mean  time  at  Qnenwich 7  88  38  March  16. 

Ditto  at  rfiip  by  chronometer  when  the)    9  85  »  5  March  16. 

diitaocei  were  obeejTed... ............. ..J    ^^__^^ 

Lone- In  time  at  the  plaoa  where  the  altiL  f    -     ...  •  _  giojv  ea*  f 

wereobi-tofindtheenorofthediroii./   »    BSI.a-31  4ir  5r  K. 

When  tbe  time  under  the  meridian  of  the  ship  cannot  be  found  from 
altitudes  taken  with  the  distances,  as  is  the  case  in  the  fourth  and  fifth. 
Examples,  the  observer  mavi  instead  of  flndine  the  error  of  the  watch  or 
chronometer  by  altitudes  talien  before  or  after  Uie  distances,  note  the  times 
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br  K  dironometer  at  both  observations,  by  which  he  will  obtain  the  interval 
of  time  between  those  observations ;  this  applied  to  the  mean  dme  at  the 
ship  when  altitudes  were  observed  for  time,  will  shew  the  time  under  that 
meridian  when  the  distances  were  taken ;  to  which  the  lon^tude  made 
during  the  interval,  reduced  to  time,  being  applied,  by  adding  or  subtract- 
ing it,  according  as  the  ship's  place,  when  the  distances  were  observed,  is 
east  or  west  of  its  place  when  the  alutudes  for  time  were  taken,  the  result 
vill  be  the  time  at  the  ship  correspondlD^  to  the  place  where  the  distances 
were  observed :  this  compared  with  the  tune  at  Greenwich,  will  shew  the 
ship's  longitude  at  the  time  of  taking  the  distances. 

Suppose,  for  instance,  that  in  the  fifth  Example,  page  384,  when  alti- 
tudes of  the  sun  were  taken,  about  4h.  50m.  P.  M.,  ehip-time,  the  mean  of 
the  times  shewn  by  a  chronometer,  gaining  2. 5  seconds  per  day,  was 
)th.  48m.  S98-,  and  the  time  by  the  same  chronometer,  when  the  distsncea 
«ere  observed,  7h.  S5m.  60b.,  the  ship  having,  between  the  observations, 
made  48  miles  of  longitude  to  the  eastward ;  we  may  proceed,  as  follows,  to 
find  the  ^e  at  ship  when  the  distances  were  taken,  and  thence  the  longi- 
tnde  at  that  time. 


louml  of  dm*  by  diroiianieter   i  46  SI 

Pnnonioiul  part  of  rate  ordsily  guD  of  ohronomeler  during  Uta'l      _     -  r 
ibore  ioMTVKl f 


Sttui  time  at  itiip,  oorreipanding  to  the  pUoe  where  the  dutaaoM  Ig  na  41  g 

were  oixerTed f 

Ulan  tiiDe  at  Qreeniridi  when  the  dUiancea  were  obwned 7  i8  88 

liOBgitade  of  ihip  when  the  diitancei  were  obwrred 8  10    a.  5 -33  30  58E. 

In  the  preceding  Examples  we  have  supposed  altitudes  to  be  taken  at 
the  same  time  with  the  distances ;  but  circumstances  may  arise,  £uch  as 
an  undefined  horizon,  or  want  of  assistants,  which  may  prevent  the  altitudes 
ci  one  or  both  the  objects  being  observed :  in  these  cases  it  will  be  necessary 
to  compute  the  altitudes  corresponding  to  the  distances. 

For  this  purpose,  take  a  set  of  alutudes  when  the  object  is  at »  proper 
distance  from  the  meridian,  either  before  or  after  the  distances  are  observed, 
noting  the  limes  by  a  chronometer,  or  steady  going  watch,  from  which 
compute  the  apparent  and  mean  time  at  ship  ;  note  also  the  times,  by  the 
same  chronometer  or  watch,  when  the  distances  are  observed ;  then, 
by  means  of  the  elapsed  time,  and  the  change  of  longitude  during  that 
interval,  find  the  mean  time  at  the  place  where  the  distances  were  observed, 
a>  expbuned  above ;  corresponding  to  which,  compute  the  altitudes  by 
the  following 
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38S       on  rmsiHO  tre  T/Mtoitudb  bt  lbkar  obskst^tmiiu. 

JLtsixt.  1.  Find  tfae  leaat  meridiin  dutancc  of  tha  given  object,  vUdi, 
if  it  be  the  sun,  is  the  apparent  time  from  the  neueat  noon  ;  but  iT  dw 
olgect  be  the  moon,  a  planet,  or  rtai,  then  add  the  nm^g  tight  ascension  to 
the  ^parent  time :  their  mm  (deducting  S4  houn,  if  it  eacMd  that  ttiaak 
will  be  the  right  ascennoa  of  the  meridian;  the  differoue  between  vfaicfa  ana 
the  right  aacension  of  the  object,  in  time,  will  be  its  wriJian  cbatance ;  biife 
should  the  remainder  exceed  IS  hours,  subtract  it  finmt  S4  houn,  u>  give 
the  least  meridian  distance. 

S.  Add  together  the  log.  rising  of  the  meridian  distance  (XXIX.).  the 
log.  co-sine  m  the  ladtude  (XXV.),  and  the  log.  co-Biae  of  the  dedinalioiL 

S.  Find  the  natural  number  carrespoadii^  to  the  torn  of  tiiese  three 
logarithms  (XXIV.),  rejecting  the  tens  from  the  indm,  and  add  it  to  the 
natural  versed  sine  (XXXVI.)  of  the  di^nmce  of  the  dedination  and 
latitude,  when  the;  are  of  the  same  name'— or  of  their  sum,  when  of  con- 
trary names ;  the  sum  will  be  the  natural  vcned  sine  of  ^e  trae  zenith 
distance,  which  subtzaded  from  90"^,  will  give  the  true  altitude*. 

4.  If  theobject  be  the  sun  or  s  star,  their  conection&am  Table  XVIII. 
added  to  the  true  altitude,  will  rire  the  apparent  altitude;  if  itbeaplsaiet, 
the  refraction  (IV.)  is  to  be  added,  and  the  parallax  in  aldtude(XLVlII.) 
is  to  be  subtracted  tnm  the  true  ^titude ;  but  should  the  moon's  apparent 
altitude  be  required,  the  correction  taken  from  Table  XXX.,  with  the 
true  altitude  and  horiz<mtal  parallax,  is  to  be  subtracted  from  the  true 
aldtude.f 

Note.  The  right  ascension  and  declination  of  the  sun,  moon,  or  a  planet, 
and  the  moon^s  horizontal  parallax,  are  to  be  talcen  from  the  NauUcal 
Abnanac,  and  reduced  to  Greenwich  time  of  observation.  The  ri^t 
ascension  and  declination  of  a  star  are  to  be  taken  from  Table  XIII.,  and 
reduced  to  the  given  year  and  month. 

Here  follow  two  Examples,  in  which  the  apparent  altitudes  are  found 
by  the  above  Rules. 

EXAMPLE  VI. 

Apnl  4,  1835  (civil  time),  in  latitude  15°  10' N.,  and  longitude  by 
account  62°  36'  E.,  about  8h.  10m.  A.  M,  ship-time,  the  observed  altitude 
of  the  sun's  lower  limb  was  81°  47'  10* ;  a  chronometer,  whose  daily  rate 
was  16  seconds  losing,  at  the  same  time  shewing  4h.  2m.  468.,  the  Iieight 
of  the  observer's  eye  heing  18  feet,  and  the  error  of  the  sextant  +  2  30". 

On  die  same  morning,  when  the  above  chronometer  diewed  6h.  Sim.  58k, 
the  distance  between  the  sun  and  moon  was  observed  to  be  69^  SXy  20",  the 
ship  havina,  since  the  first  observation,  made  18  miles  of  latitude  to  the 
South,  and  86  milei  of  lon^tude  to  the  West,  the  height  of  the  eye  and 
index  error  as  before :  required  the  longitude  of  the  ship  at  the  time  the 
distance  was  observed. 

*  In  tlii*  •(Wt«ti«a  tfie  loK-  oo-«inM  ara  ta  be  taktn  out  to  five  place*  of  (tedmal  figmw 
onlji,  u>d  (he  nfttond  -nrtti  tine*  to  tbtJlTilfitit  dteimal  figurtt  in  the  Tabl» 

+  Tbe  mult  of  tho  Above  will  be  tbe  approtimate  apperent  altitude ;  and  if  greater  accn. 
ncy  be  mmired,  the  mMo'i  eoneelion  ibouU  be  again  taken  nat  witb  the  appnndiiiate 
■at  Jtitude,  and  applied  to  the  true  altitude,  innead  of  the  fanner  comcdcnk. 


OV  rrXBIKQ  THE  IAWGITUOB  by  LUNAB  «BEEBVATiONa. 

'         h.  m.  .     b.  m.  > 

Ast^ft  xixat  Rt  ship SO  10  April  3.     Time  by  cliron.  when 

Loojfitude  bjr  uoount  In  time    4  10  E:  altltuaa  wu  obwrrei 


i^W.  S  SI  S8 


ObKrt«d^t.of«uD'«l(RrwHmh.  St  47  10  Suii'idMlin.ApiilS,<P-II-N.A.)  6    B  41N. 

UdcE  Mivr  Id  be  added  +    S  30  Cor.for  Or.ii[«e  lSh.Om..(XXI.)+  II  31 

Ditto        ditto      4h.3[ii +'  S  60 

31  49  40  '  

Cmi.trmaTMelX.  +  \V.i=...  +  1«  S4  Sun**  daoUn.  M  Greenwich  time..  S  94    9N. 

90 

Sud'i  true  altitude  33    0    4  ' 

Sun'»  polar  diiiance 84  St  68 


«  altitude  33    U 


Apparent  tinie  from  coon 3  53    6...Log. S.ST487 

■     24  

ApparenltlmeMplaMorobMrringthelj,    a  64  April  8. 

nm'i  dtitude    ...; ) 

Bqiatkn  of  time  4-    3.18 

Hcan  time  at  place,  aa  abore  30  10  13  m.  t. 

Inttrr*]  betveen  ^e  obeerraUonl  3  39  U  Equation  by  N.  A.  Aprils  .__.'S  M.  1 

Correction  for  I2hf  On).  iL^i  ...  —   8.0 

Usn  time  at  abore  plac«  when  thel  ,»  qq  oe  Ditto  4h.  3m.   —    3.6 

dinanMi  wet«  obxtrved f'"  ^^  ^  

Change  of  longltudB  Zff  W.  in  time  ....  —    3  34  Equation  at  Oreenwioh  lime  ...  3  18. 1 

MeantimeatplBceDrobterTin^thedlat.  98  37    SAprilS. 
84 

Oltte     before  nooD 1  33  S8  April  4. 

7%/nd  the  SutCa  apparent  Altitude  when  the  DUtamx  ioa«  ^Ateroed. 

Lilitadevhenlhanin'ialLiTBiobi.  IS  ION.   Long.hyac 
■Xf.orlnt.nmdeduringthaiQterTBl  —  I3S.   Diff.of  lo^ 

Utitode  when  the  dill,  waiobtervid  14  68N.   Long,  by  ace  when  diat.  irai  ohi...  89    OE. 

VetatimeatihipvhendiMance)  ~  H'   1'       Siin'tdedin, AprilS, (P.II.N.A.)  S    8  4IN. 

wMobwrred ^xi  ai    3i       Cor.ferQf.timol3li.Om.  (XXI)  + II  81 

Ung.oftheihipin  timefXIX.)    4    8    OE.  "' "  "   ""  .     -.. 

Mcwi  lime  at  Oreenwldi 18  33    9 


OH  riNDIHO  TH<  LOMalTDDB  BY  LQMAE  OMBBVATIUKS. 


An*  lutb  diMMMe .. 


1  31  SB. 

14  SB*  N 



-.tor?: 

ra 

.  6SSS. 

9  Sll     V«nad 

n  so  ...Vttwd 

..«7«1S 

-    0 

Snn'i  Bivumt  •Ititnde  S7  M 


7V>j8fid  M«  MooiCa  apparent  Jliiinde  when  the  Distance  mu  obtert>ed. 

'■  R.  A.  •!  leb.  Apr. »,  s'  14  41  (P.V.N.A.)    Hood'i  dec.  at  IBh.  Apr,  t,  SI  t6  S7N.  / 1;  Y' 
Mto       atlSli- »  16  SI  DUd,     M  igk. H    1  IZN.  *"''^ 

boor    S    SLa>.I.44ST     Vuutioa  in  1  hour  4  U  Lw.l.0e65 

MaflarlStb. .       SB    S  Lo^JXIISS    CrMOwich  tine  nAer  ISh.. .  20m.  ».  LogASUS 


DItta 


Vaiktiaa  in  1  boor    . 
GrMOHkli  ti         ~ 

h.m.s. 

Vuiatim  m  3Bb-  it.  ....  +    I    S  Log.I.TeiO     VuiMioo  in  SOm.  9b  ....   +     3  SS  Lar-LWia 
Maae'iItA.Uieb.Apr.1,  S  U4S        Mooa'i  ibc.  at  ISh.  Apr. 9,  »  M  RN.     

DitloitGiMiwichtbBB   ..  9  IS  44  DHto  at  Gnenwieh  tuM  . .  9S  M    CH. 


h.  ■■■   •■  Mcn'i  bar.  panUki  at  Gmnwich  tima  ....  54*  SI* 

Haao  tin*  al  (hip »  >r    S 

awV  right  MciMiiB 0S041  b.  B.  *. 

Sdd'i  rtbi  awaa.  April  S  (P.  II.  N.  A.). ...  V  47  a 

R-A-oftbaiMridiaa «  IT  41  Corr.  for  Greaawich  Uu,  Uh.  On.  (XXII).  +     I  « 

Uoea't  B.  A.  at  Qnanwich  tiat    a  IS  44  Ditto,  6h.  Ma. +    •  SQ 


.   IB  11  SO      8vn'irigfalaac«uiaaatGtMO*iditiMa,. 


Moon'*  Imt  neridiaa  diMuKa  .    S48     I Log.  ri 

Bhki'ilUiiDd* H9SgH. Ca.rii 

Mwin*.  A*..i:nB«;.w  4a  fLQ  N  r»  -:.! 


Kftnna    9    1  ..Vanad    . 

tnw  umitb  diftawa Bl  181.  .Varied 

90 

8  41} 
-  48 

T  5Si 
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OK  PIHOIMS  THK  LBNOITSDE  BT  LUMAK  0ISEKVATI0H8.  S91 

Tojind  the  True  Dutanoe  (by  Method  V.),  and  thenee-the  Lmgiiude. 


r  66  89  50 
.  +  16  0 
Moon'i  •emldiuiwlar  ...  -j-  ^^  •■' 
Moon**  augmentation  ...  +  8 


Corrected  autwice 66  S9  44...BiDe 9. 9U0... Tangent...  0.S7S1 

Sun't  appttrent  altitude  .  67  30  00.,.Co-ieeaiit ...  0.0344 

Moon'i  apparent  altitode    1  53  30...Co-Mi»nl „ ....O.B0» 

Moon'ihor. parallax fil  34...Pro.  Log. ...  0.5183 0.51BS 

rintareh  S4  47...PrOi.  Log.  ...  O.fiW 

Second  arch   3  II Pro.  Ix^...  I.7S97 

Correction  for  parallar...   -  SI  36 58'...10"1 -,___. 

Corrected  dlitance 66  5*44    Pandlax  in  altitude  S4.. .11    /UXZVJ 

86    8    8  — 


Third  emreetlon    . 


Difference  13  46  Fro.Log...  1.1194 

o'so'  4...  Pro.  Log...,  0.777* 
CoR.(aTOh.80m.anddiff.of  F.L.  lOlLIV.)        +    8  — 


lime  of  dlitance  from  N.  A... 


LMgj>ftheiIiipwlienthediit.waiolMrred    4    6  56  =  61''44' 0" B- 


EXAMPLE  VII. 


July  7, 18S5,  at  lib.  19iii.  P.  M.,  apparent  mne,  in  latitude  40=  54'  N., 
■nd  lon^tude  by  account  93P  36'  W.,  the  distance  of  the  moon's  remote 
limb  from  the  star  «  Aquilre,  or  Altair,  was  observed  to  be  53°  l*"  50"; 
and  at  16m-  49s.  after  (as  measured  by  a  good  watch),  the  ship  being  in 
neaily  the  same  place,  the  observed  altitude  of  the  star  yPegasi,  or  Algenib, 
was  16°  58'  East  of  the  meridian,  the  height  of  the  observer's  eye  being  S4 
feet,  and  the  error  of  the  sextant  —  1'  45" :  required  the  true  longitude  of 
die  ship. 

PfS 
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'49S  ON  FIVSIMtt  tax  LONGITDDX  BY  LVHAE  OBSBVVATIOMt. 

,  To^nd  the  Mean  7%ne  tU  Skip  when  the  Star  JIganib  wa«  vbienei, 

Affmat  time  ■!  ihip  when  >     ,,   ,g  p 


dJiUnoB  WM   obKrved 
Intnval  of  time  by  wauh     +  17  I3h.  ISm.  (XKII.) 


Longitude  by  acomiDt,  in  time...     1  S4  W. 

Appuwnt  time  M  Oreenvirh  I    .-  ,- 

vbeoiur'ialt.  vMOb(erved| 
EquklioQ  of  time    +    B 

Steui  time  M  Oreenwich  by  uc  13  15 


Sun'i  R.  A.  M  Oreenwich  tim*  ...    7    S  II 


CorreetloTirrom  TablaXV.  -  8*.  0  = 
Star'i  true  iltlnidB  


Stu'i  dedinaiion,  Juljr  IB8S  ...  U  16    SN. 


Stu'a  right  UMiutOQ  July  1835,    0    t  47 


Stv'i  polu'  diiiu 
ghip'i  latitude... 


BMr'*  tns  altitud*. „ IS  48  19 


...138  M    7 

,..  69  13    3 Co-dne    9.SS003 

...  S3  34  48 SiM B.DM71 


I  .    7    S  37  Equation  by  N.  A.  July  7.  4  M.7 

CoiT.  for  lah.  ISm.  (Ll). .  +  S.I 

Appuvot  time  M  ihip  when  the  Star  °  1 1 1  ai   13  — 

Pt«ui,  or  Algenib,  ni  otwerved  f  Equation  m  Oreen.  time...  ilCO 

Equation  M  Oreenwich  time +    4  30  

wu  ob«ryed... [  11  83  48  July  7. 

Inleml  of  time  by  the  mtch —  18  49 

VaH  time  at  Ihip  trhen  the  diituicewu),,  jg  .4   ,„,„  , 


Tofind  the  apparent  JUitude  of  the  Star  at  JquUa,  or  Jltair, 
ivhen  the  Distance  was  observed. 

Meantime  at  ahip  when  ihe)  j,  j^  ^^  Stat*!  right  ascenaion  Jan.  1834..  IB  41  41 


diltance  vaa  obierved  j    '    o  a*  Annual  Tariatlon  +  Ss.fiSx  ■)  = 

Dng.  of  the  ihip  by  aocouni  I    ,  ,.  , .„■  — •       - 

in  time  (XIX.)  {   '■»•""■     Star's  right  a«eniJon  July  18SS-  lit  4»  41 

■tim.mean  time  at  Greenwich  13  S3  I H 
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OH  PINBlMa  VHZ  KOVGITUDE  BT  LDNAB  OBSKRTATION8.  9198 

h.  m.t.  '    '     " 

8tm>irightuMD.(P.II.  N.A.)...    7    3  21      Stu'idedinadon,  Januar;  ISM,  8  3B    BN. 
Com  for  Orewtir.  time  18b.  Urn.  -f     8  19      Anniulnriation  +  r.eSx  11=        +  iS 
Soul  right  MMD.uOnM>w.thiis    7    5  33     Sur'i  dtdlnAtioa.  JaJy  1835  ...  8  SS  SIN. 
H«u  time  when  dUuoce  miobi.  11  18  H  ^~~~^ 

Right  Hesoiion  of  tIi«iii«riiIiAn...  18  94  97 

Scu-i  ri^t  mMenuon  19  4i  45 

Siar'i  mflridUn  diitsnc* 1  18  18 Leg.  rltlng....  S.fSlSO 

Hiip'i  iMitude 4S°M'N _ Covins    9.83460 

Sui^  dilution 8  8S  N_ Co-dim    9.98HS 


Wftimee „ 38  38  ...VccMd  ., 

Tnu  iBDlth  dUuiK*  41  66  ...Vensd 256W 

90  

Stw'i  tme  aldnida  48    4 

B«&«ctton -|-     I 

Stu'i  ^iparent  kltitudo   48    5 

To^nd  the  MootCa  apparent  Altitude  when  the  Dutartce  aaa  obterved. 

H<Kia'alLA.BtUfa.jKl;T,  IB  SO  9S(P.VI.N.A.)  Moon'*  ilac,  Ul^.J\ilj7,  3»    S  S6S.||^^ 

Ditto,       attSh.     ....lesSO  DUto,        (titb. Sill  10  8. 

VuiMioD  IB  1  hour    i  ST  Log.\.i(m    Vuittkn  in  1  hour Tt4I.og.S9eS 

Giwoir.  tUM  aftfT  U  hn..        SS  IS  L<igJ).D514  Greeow.  time  aftw  18  hoora     SSn.lB»- Log.OSM 

VuiMiMiBSlB.  18s-....  +    2  SO  Log-1.411B    Vuiukn  in  Sta.  ISfc  +    64SLo)(.eNW 

Maoii'aR.A.atiab.Jiil!rT,  10  50  13        Mooo'a  dec,  >t  ISh.  JBl<r  T,  !»    S  36S.     

OittsatGraeawiditiiM..  16  58  4)  Ditto  *t  GraaDwich  tima    ..8110  198. 

h.  m.  fc     . 
Bight  Mcen.  of  th«nierid.(uBbo*e)  18  24  27 
Hooii'i  li^t  Houulan  16  S2  43 

Uooq's  moridlan  diiunn  ...» I  31  44 Log.  riling...  3.89786 

SUp'i  latitude 46°94' N. Conine 9.8M60 

Hdui'i dedinatioD  83  10 S. Co-dnt B.96349 


True  wnith  df itanoe    73    4  ...Vened  .. 


Uood'i  true  altitodfl    16  56 

n  from  Table  XXX. -  54 


Hoob'b  apparent  altitode. 16    2 
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!e{A  ON  FIMOIMa  TBI  LOMOITDDE  BY  LDHAB  0UKBVAT10M& 

Tojind  the  true  Dutance  (by  Method  V.),  and  thence  the  Longitude. 


Din.  oomcMd  for  iadex  •nvr...  S3  tl     S 
Uooo'i  MDiidiuDMar    —  16  26 


Comcteddiiunn SS  56  4r...Siiie $. MSL-.Tuigent ...  0.  Ii31 

Sur*!  apparent  aldtudfe   48    fi       ...Co-aecui(...0. 19M 

Hoon'i  kppuvDt  allituda 16    3      ...Co-teomt 0.5588 

Uoon'i  horiwnul  pullUx  1     0  l7...Pro.  Ixik....0.4791 0.4751 


TUrd  cornKstlon    . 


, S3  44 Pm.  Log.... 

0  S3  59  ...Fro.  Log... 
Comation  for  Oh.  54m.  and  diff.  P.  L.  77  (LIV.) -  SO 


Hum  ot  dliunce  bjr  N.  A. .. 


Longiiuda  (in  time)  at  place  of  obieired  distance  I  M  45  =  S3°  41'  13"  W. 

EXAMPLE  VIII. 

January  23, 1835,  st  about  Oh.  46in.  P.M.,  apparent  time  at  ship,  in 
latitude  iCP  16'  S.,  and  longitude  by  account  9S°  £.,  the  foUotring  obaerT- 
atjons  woe  taken  of  the  sun  and  moon,  with  the  corresponding  times  by 
a  chronometer.* 

On  the  same  day,  when  the  same  chronometer  shewed  9h.  44m.  408.  mean 
time,  the  altitude  of  the  sun's  lower  limb  was  43°  11'  30",  the  ship  having, 
since  the  first  observations  were  made,  run  30  miles  of  longitude  to  the 
eastward,  but  remained  in  the  same  latitude :  required  the  true  loDg^tudc 
of  the  ship  when  the  distances  were  observed,  the  height  of  the  obeerver''s 
eye  being  16  feet,  and  the  error  of  the  sextant  S'  15"  to  subtract 


t,GoogIc 


OH  FINDIMO  THE  LONOITDDE  BY  LDNAB  OBSBKTATIONS.  8(0 

TiiDBi  per  ClirDii< 

6  64  W  Altiiuds  of  mn'a  bwer  Uisb 67  18    0 

6  S7  19  Aldtude  of  moon'*  upper  limb...  13  57    0 

Miun  nf  ttmi..    ('    1  I*  DJsWnce  of  nearest  limb* 7157    01  « j., 

7h.  3n>.  30..    y    5  88  Di.t.nceofi«»«.tlin,b. 71  54  10  f  71°  S5' 40* 

7  9  21  Altitude  of  moon's  upper  Umb...  11  40    0 
7  13    4  Altitude  of  luit'i  lower  limb «5  fiS    0 

To  reduce  the  JUitude  of  the  Sun  to  the  Time  corresponding 
to  the  mean  Diatance. 

TioMof  eon'ifintalk  t  64  49    Time  of  lun's  Gnt  alt.  6  54  49    Sua'iBmalu  ...  A7  18 
Time  of  nin'*  Uit  kit.  7  19    4    HeanoftimMbjchnm.  7    3  30    San'i  but  alt. 6S  S3 


A*        17m.  Sit Pro.  Log.  (Aritb.Comp.)*  8.9B44 

lilo-    8      48   Pro.  Log.  I.3I0B 

Sole       1"    W  Pro.  Log.  0.896B 

I'.eltitnde 0  43    4 Pro.  Log.  O.WIl 

id  altitude  67  IS    0  


Son'i  alt.  at  mean  of  timi 


To  reduce  the  Altitude  of  the  Moon  to  the  Time  correeponding 
to  the  mean  ZHstance. 

Timaafmoon'ifintalt.  6  57  19    Ttmeofmoou'ifintalt.  6  57  19    Moon't  Sntah.  13  S7 
Time  of  moon*!  leu  ah.  7    9  91    Heanoftimeibychroa^7    3  80    Hoon'slaat  alt.  II  40 


19m.  9i Pro.  Log.  (Aritfa.  CoDip.)'8. 8951 

6    n    Pro.Log.  1.4840 

9"  17' Pro.  Log.  0.I1B6 


Hence  ve  obtun  the  following  set  of  observatioiui : 


.l,:sa:,G00gIC 


To  find  the  true  Dutmne*  (by  Mbthoii  V.),  and  thence  the 
mean  Time  at  Oreenwieh. 

Hood'i  boriMQUJ  ptrttUz  u  Oreanwidi  time  W  B*. 

Ii.m.  B    -    . 

TinieuiIiipputnaoii,Jmiun  St  M  Obi.klt.  of  the  no^l  lowerllnofc  .-  SAM  tf 

Lof.  br  MS.  ia  tima  (XIX).    <    8  E.  Dip  of  ibe  hwJMO^ _.-  -    S  5> 

Tlma  U  QnNmirich  bf  mc....  18  38  Jui.  S9.  «  SM 
6ud')  MnUlMDmet  bj  N-  A +  16  It 

•  "     '     "     Suu'i  wpannt  altitnds. U  17  H 


OU.  alt>  of  tha  moan'*  tm«r  Umb.  IS  iS  M 

71  63  85     Dipoftheboriion ^ -    3  50 

,.  +  IB  I«         "^ 


CorrecMd  diiUim    79  S9  48...81ne  9.97M Taiig«Dt...  O.SOIt 

Snn'i  apparent  altitude    M  47       ...Co-a«canl ...  0.OS67 

Hood'i  appaimt altitude 13  S7       ...Ca.««ant     i....  0.6M 

Moon'i  bariwntal  panllai S9    8...Pro.  Ug. ...  U.48S1 O.tSU 

Fint  aroh : SS  59...Pro.  I«. ...  0. 49M  

SMUndaRh  4     1 Pro.  Ixv...  I.WI 


Third  avreotloD  » +         1 1 


IMMBDM  at  XVIII  h.  b;  N.  A. ...  71  SB  41         IntarmsdiaM  Pro.  I<og. M41 

DiffcrvDM -.        >1  66 Pro.  Log. 914X 

0  40  l7...Pro.  Log. 6601 

TiBM  of  diaUDoe  hj  N.  A.   18  
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KXAHPLE8  FOR  EXERCISE. 

1.  June  16,  1835,  in  latitude  9SP  8'  N.,  and  longitude  by  account 
147°  IS' W.,  about  20h.  32m.  (being  June  17,  at  8h.  S2m.  A.  M.  dt2 
time),  the  distance  betveeu  the  sun  and  moon  vaa  observed  to  be  92°  50'  15"; 
U  the  same  dme  the  altitude  of  the  moon's  upper  limb  was  S9°  1'  20";  and 
the  aldtude  of  the  Bun''B  lower  limb,  4SP  S6'  20" ;  the  height  of  the  observer^ 
eye  being  18  feet,  and  the  inatnunents  adjusted :  required  the  true  longi- 
tude of  the  ship. 

AxBWER.  The  true  distance  92^  43' 57";  mean  time  at  Greenwich, 
sob.  20m.  33s.  past  noon  of  June  16 ;  mean  time  at  ship,  20h.  89m.  41e., 
and  longitude  of  the  ship,  147°  43'  0"  WesL 

2.  January  16,  1835,  (A.  At.  dvil  time),  in  latitude  8^  25'  S.,  and  Ion- 
ntude  by  account  90^  SO"  W.,  when  a  chronometer,  which  was  22m.  878. 
fast  ft)r  Greenwich  mean  time,  shewed  6h.  44m.  (being  A.  M.  at  Green- 
wich) the  (tistance  of  the  moon's  remote  limb  from  the  Star  Aldebanui,  or 
«  Tauii,  was  observed  to  be  6fP  IS*  30",  the  altitude  of  the  moon's  lower 
link  being  57°  22'  25",  the  altitude  of  the  star  (westward  of  die  meridian) 
99^  its'  IW,  the  hragfat  of  the  observer's  eye  14  ftet,  and  the  instrnmenta 
acyusted :  required  the  true  lon^tude  of  the  ship  by  the  lunar  observation 
and  chronometer. 

AwsirsB.  The  true  distance  65°  45'  51";  the  mem  (ame  at  Greenwich, 

ISh.  20m.  4Ss. ;  the  mean  time  at  ship,  121i.  17m.  lis.;  the  longitude  of 
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the  ship  by  the  lunar  obserratioii,  00°  5^  IS"  W.,  uid  hy  the  cfaroninDeter, 
91"  a' 0"  West 

3.  November  7,  1835,  in  latitude  40°  I'  SO"N.,  and  lonntode  \xj 
account  €°  35'  E.,  when  a  chronometer,  whidi  was  4m.  268.  aUno  for  Greoi- 
Tich  mean  bme,  shewed  lib.  54m.  32s.  P.  M.,  the  angtdar  distance  of  dw 
moon's  nearest  limb  from  the  centre  of  die  Planet  Jupiter  ^raa  82?  49'S'; 
at  the  same  time  the  altitude  of  the  moon's  lower  limb  was  60"  3S';  and  ix 
altitude  of  the  planet's  centre  41^  5'  (east  of  the  meridian) ;  the  bdgfat  of 
the  obso^er's  eye  being  22  feet,  and  the  error  of  the  seztast  whidi  measond 
the  distance  —  4'  20" :  required  the  mean  time  at  the  meridian  of  die  atea 
by  die  Tret's  altitude,  and  the  longitude  when  the  distance  was  obsortd, 
by  the  lunar  observation  and  chronometer. 

Answer.  The  true  distance  33"  11'  43";  the  mean  dme  at  Greenwid 
llh.  5dm.  45s.;  the  mean  time  at  ship  12h.  24m.  SOs.;  the  longitude  by 
the  lunar  observation  &■  1&  15"  £.,  and  by  the  cjironometer  6^  28*  £. 

4.  I>ecea)ber  IS,  1836,  (A.  M.  dvil  time),  in  latitude  10°  16'  N.,  and 
longitude  by  account  116^  E.,  when  a  chronometer,  which  was  26m.  44*. 
alow  for  mean  time  at  Greenwich,  shewed  2h.  40m.  46q.  A.  M.,  the  aii?ii- 
lar  distance  lietween  the  sun  and  moon's  nearest  limbs  was  91"  1'  20",  UK 
altitude  of  the  sun's  lower  limb  62°  32'  30",  and  the  altitude  of  the  moon^ 
upper  limb  18°  IJ^  30 ',  (westward  of  the  meridian) ;  the  height  of  dw 
observer's  eye  being  23  feet,  and  the  instruments  adjusted ;  required  the 
mean  time  at  ship  by  the  idtitude  of  the  moon,  and  the  longitiule  by  the 
lunar  observation  and  chronometer. 

Answer.  The  true  distance  90°  60'  1";  die  mean  time  at  Greenwiti 
15h.  7m.  32s.  December  12 ;  the  mean  time  at  ship  22h.  64m.  21s.  De- 
csmber  12;  die  longitude  by  the  lunar  observation  116°  W  Ifi"  E-,  u>d 
by  die  chronometer  116°  57'  45"  E. 

6.  August  SO,  1836,  (A.M.  civil  time),  in  latitude  33°  3H'N.,  when  s 
dmmoneter,  which  was  12m.  50a.  fast  for  mean  time  at  Greenwich,  shewed 
<h.  son.  4Sfl.  A.  M.,  the  altitude  of  the  sun's  lower  limb  was  27°  47'  10"; 
cod  at  F.  M.  ship-time,  when  die  same  chronometer  shewed  llh.  62m.  50i. 
A.  M.,  the  distance  between  the  sun  and  moon  was  observed  to  be  82^66' 40^ 
die  altitude  of  tbe  sun's  lower  limb  being  at  the  same  time  63°  30'  45";  the 
•Ititude  of  the  moon's  upper  limb  1  S°  20'  30" ;  tbe  height  of  the  observer'i 
eve  18  feet,  and  the  instruments  adjusted :  required  ue  true  longitude  of 
the  ship  when  the  sun's  altitude  was  taken  for  time,  both  by  ui«  Imur 
observation  and  chronometer. 

Answer.  The  mean  time  at  the  meridian  of  die  ship  when  the  snn^ 
altitude  was  observed  for  time,  ISh.  50m.  39s.  Augi^  29,  consequendy  tlie 
chronometer  was  Ih.  60m.  568.  slow  for  that  meridian ;  the  true  diatui(e 
82P  45'  38",  and  the  corresponding  Greenwich  mean  time  23h.  39m-  52i. 
Augost  29;  the  mean  time  at  ship  25h.  43m.  468.  past  noAi,  August  29; 
«adhenoe  the  longitude  by  the  lunar  observation,S0^68'80^E.,  and  by  die 
chronometer  30^  56'  30 '  East. 

6.  Julyl4,1835,(A.M.civiltinie),inlatitudel&>S5'S.,atSh.10m.24s. 
P.  M.,  by  a  chronometer  which  was  20m.  28s.  slow  for  mean  time  at 
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Gnenwu^,  the  distance  of  the  moon's  nearest  limb  from  the  Star  a  Arietis 
was  50°  l(y  10",  the  altitude  of  the  star  being  4oi°  17'  45",  and  die  alti- 
tude of  the  moon's  upper  limb,  77°  27'  30";  and  at  7h.  Om.  50s.  P.  M.  by 
the  same  chronometer,  the  alutude  of  the  sun's  lower  limb  was  SSP  ify  30", 
the  ship  being  then  in  latitude  16^  8'  S.,  the  height  of  the  .observer's  eye 
at  each  obserradon  IS  feet,  and  the  instruments  Mjusted:  required  tiie  true 
longitude  of  the  ship,  by  the  lunar  observation  and  chronometer,  when  the 
sun'a  altitude  was  taken,  to  determine  the  error  of  the  chronometer  in  mean 
time  at  that  meridian. 

ANBWKa.  The  true  distance  50°  SS'  8";  mean  time  at  Greenwich  when 
(he  distance  was  observed,  S7h.  Sim.  4Ss.  past  noon,  July  19;  mean  time 
at  ship,  when  the  sun's  altitude  was  observed  for  time,  SOh.  lOm.  47s. ; 
CMuequently  the  chronometer  was  then/a«;  at  that  meridian  lOh.  4>lm.  3a.t 
mean  time  at  that  meridian  when  the  Stance  was  taken,  1^.  29m.  21b.; 
and  tJie  loqgitude  of  the  ship  165°  35'  30"  W.  By  the  chronometer  the 
longitude  of  the  ship  was  then  165°  23,'  45"  W. 

7.  Octob«  9,  1835,  in  latitude  S8P  45'  N.,  and  longitude  by  account 
72°  35'  W.,  about  5h.  Om.  P.  M.,  the  altitude  of  the  su^'s  lower  limb  was 
ff"  17'  10",  when  a  chronometer,  whose  daily  loss  was  IS'.S,  shewed 
lOk.  9m.  448. ;  and  about  Sh.  Sim.  afterwards,  when  the  same  chronometer 
Ibewed  Ih.  41m.  54s.  A.  M.  October  10,  (that  is  ISh.  41m.  54s.  October  9, 
attreniunica]  time),  the  observed  distcuice  of  the  moon's  remote  limb  from 
the  Star  x  Pegasi,  or  Marcab,  was  64°  W 10",  the  ship  having  run  between 
tiie  observations  S.  W.  by  S.  (true)  28  miles;  the  index  error  of  the  sextant 
being  -f.  9f  15",  and  tlie  heifl^t  of  the  observer's  eye  18  feet :  required  the 
tme  Itnigitude  of  the  ship  vmn  the  distance  was  taken. 

Akswbs.  The  mean  time  at  the  ship  when  the  sun's  altitude  was 
observed,  4h.  44m.  20s. ;  mean  time  at  the  place  where  the  distance  was 
taken,  8h.  15m.  168.;  the  latitude  by  account  when  the  distance  was 
observed,  38°2S'N.,  and  the  longitude  by  account  72='54'W.;  the  star^ 
•pparoit  altitude  being  60°  0',  the  moon's  apparent  altitude  7°  18',  and 
the  true  distance  63°  45'  IS" ;  the  corresponding  mean  time  at  Greenwich 
13h.  8m.  568.,  and  consequendy  the  longitude  of  the  ship  at  the  place 
*here  the  distance  was  observed,  73^  24^  45"  West. 

8.  October  30,  1835,  in  latitude  52?  S6'  S.,  and  longitude  bv  account 
133°  45'  E;  at  about  5h.  20m.  P.  M.,  the  altitude  of  the  sun's  lower  limb 
was  15°  60'  45",  and  at  7m.  S68.  afler  the  sun's  altitude  was  observed,  the 
distance  of  the  sun  and  moon's  nearest  limbs  (measured  by  the  same  sex- 
Unt)  was  110°  44"  40";  the  index  error  of  the  instrument  beine  1'  SO"  to 
'subtract,  and  the  height  of  the  observer's  eye  24  feet :  required  the  true 
longitade  ol  the  ship. 

.  Ahswsb.  The  mean  time  at  ship  when  the  sun's  altitude  was  obeerved, 
£h.  9iQ.  dls.,  and  when  the  disUnce  was  taken,  5h.  17m.  7s.  October  30, 
t>r29h.  17m.  7s.  past  noon,  October  29;  the  sun's  apparent  altitude  17^18^ 
the  moon's  apparent  altitude  43°  37';  and  the  true  distance  110°  45'  2"; 
the  corresponding  mean  time  at  Greenwich,  20h.  24m.  16b.  October  29. 
•and  consequendy  the  true  lonptude  of  the  ship,  188°  12'  45"  W. 
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UETUOD  OF  KEEPING 

A    JOURNAL    AT    SEA 


A  SEA  JOURNAL  is  s  book  wherein  is  legistend  an  exact  and  re- 

fular  account  of  the  various  occurrences  that  happen  on  board  a  ahip 
uring  her  voyage ;  but  more  particularly  those  conceminff  the  ship's  way, 
in  order  that  ner  situation  may  be  known  at  any  dme  required. 

For  this  purpose  there  is  kept  in  the  steerage,  or  some  other  convenient 
part  of  every  ship,  a  large  iKiard,  punted  mack,  called  the  Log  Board, 
which  is  usuaHy  <liTided  into  six  columns ;  the  first,  on  the  left  hand,  con- 
tains the  24  hours  from  the  noon  of  one  day  to  the  noon  of  the  foQowhig ; 
the  second  and  third  columns  are  for  the  knots  and  fathoms  the  ship  runs 
in  half  a  minute,  or  the  miles  and  parts  in  an  hour  ;*  the  fourth  ciQlnan 
contains  the  courses  steered  by  the  compass ;  in  the  fifth  the  winds  are 
entered ;  and  in  the  sixth  the  various  remarks,  such  as  the  state  of  th* 
weather,  the  suls  set  or  taken  in,  the  observations  made  for  ascertaining 
the  ship's  place,  the  variation  of  the  compass,  and  whatever  else  may  be 
thought  necessaiy.  All  these  particulars  are  entered  every  day  at  noon 
into  a  book,  divided  into  columns  exactly  like  the  log-board,  and  called 
the  Lng  Book.  From  this  book  the  navigator  makes  me  necessary  deduc- 
the  ship's  place,  every  day  at  noon ;  which  opoation  ii 
'ork. 

I  is  in  port,  the  remarks  entered  in  the  log-book  are  caBed 
and  uie  account  of  the  ship's  way,  Sec.,  kept  at  sea,  is 

'k  the  day  is  estimated  according  to  the  dvil  redtoning, 

t  is,  ftvm  midnight  to  midnight ;  but  at  sea,  the  days' 

!  up  at  noon,  are  dated  the  same  as  the  civil  day,  so  uiat 

larked  Monday,  began  on  Sunday  at  noon,  and  ended  on 

.  hence  the  day  by  the  ship's  reckoning,  which  is  called 

the  nautical  day,  begins  twelve  hours  before  the  dvif  day  ;-f-  the  first 

twelve  hours,  or  those  contiuned  between  noon  and  midnight,  being  mailed 

P.  M.,  signifying  post  meridiem,  or  afternoon;  and  the  other  twelve  hours, 

A  M.>  Eigniiying  ante  meridiem,  or  before  noon.^ 

■  tn  llie  Roval  Nary,  and  on  board  ghipi  [hat  undercake  an  Eait  India,  or  twhar  lai^ 
Torage,  the  log  ii  bore  every  hour,  but  in  abort  trading  veueh  oa\j  once  crery  two  hooi*.  i 
Tbi)  lilt  circun»tatiG«  makei  no  differenM  in  the  computation,  eieeptinf  that  (WkMSvapl  . 
Mhonu  ran  on  ev«rv  ooniw  by  the  log,  miut  be  donfaled,  lo  gir*  the  wboU  -dktaoo^ 


in  order  to  oorreapond  with  the  civil  mode  oi 
be  ahewn  hereafter. 

t  Ai  th«i*tninoink*ldsy  bt^>uUB*Miof  thBdTiiday,whtA]atl»Md«f  tkvaandcal 
day,  the  dKlinMion  of  the  lun,  uaed  in  delennining  the  latitude  by  •  meridiao  al^tndt^  la 
taken  out  from  the  Tables   or  the  Nautical  Almanac,  for  Ibo  noon  nlhe  dvil'day. 
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When  a  ship  is  bound  &om  one  place  to  another  that  lies  ao  fiw  &om 
her  that  she  is  obliged  to  leave  the  land,  at  the  time  of  lodng  sight  of  it, 
the  beanng  of  some  place  is  to  be  obsetred,  vhose  latitude  and  longitude 
ore  known ;  which,  together  with  the  estimated  distance  of  the  ship  from 
the  land,  is  to  be  set  down  on  the  log-board.  This  is  called  taking  a 
departure.  The  distance  may,  however,  be  more  accurately  known  by 
taking  the  bearing  twice,  and  noting  the  ship's  course  and  distance  between 
them,  as  shewn  in  the  first  example  of  Oblique  Suling,  page  112. 

TO  CORRECT  THE  COURSES  STEERED  BY  COMPASS. 

The  variation  of  the  compass,  which  is  usually  found  by  observation,  ai 
■heady  explained,  must  be  applied  to  all  courses  steered,  and  on  all  bear- 
ings taken  by  the  compass,  m  the  following  manna.  Suppose  yourself 
placed  at  the  centre  of  the  compass,  and  lookinir  directly  forward  to  the 
point  you  are  to  allow  the  variation  fiom ;  then,  if  the  vanation  be  easterly, 
allow  It  to  the  right  hand  of  the  course  steered,  or  bearing  taken  by  com- 
yass ;  but  if  westerly,  to  the  left  hand ;  by  which  you  wiU  obtun  the  true 
course. 

F<s  ezam^,  euppoae  the  course  steered  by  compass  is  N.  E.  by  N.,  and 
the  vanabon  IS  1  point  westerly;  now,  1  point  to  the  left  hand  of  N-E-  by  N. 
is  N.  N.  E.|  which  is  the  true  course  required.  Agiun,  suppose  I  set  « 
cape,  and  6nd  it  bear  from  me  S.  W.  by  compass,  the  variation  being  1^ 
point  easterly ;  here  1  ^  point  allowed  to  the  right  band  of  S.  W.  will  give 
S.  W.  by  W.  i  W,  the  true  bearing  of  the  land. 

The  courses  must  likewise  be  corrected  for  leeway,  the  n 
nay  be  thus  expJamed.  When  a  ship  is  close  hauled,  and  1 
ing  fresh,  that  part  of  the  wind  which  acts  upon  the  hul 
tof^ther  with  a  condderable  part  of  the  force  exerted  on  thi 
dnve  her  immediately  &om  the  direction  of  the  wind,  or,  as  : 
leeward.  But  since  the  bow  of  a  ship  exposes  less  surface  to 
the  nde,  the  resistance  will  be  less  in  the  fiTst  case  than  in  d 
velocity,  therefore,  in  the  direction  of  her  head,  wiQ,  in 
greater  than  the  velocity  in  the  direction  of  her  side,  and 
course  will  be  between  the  two  directions.  Now  the  ai 
between  the  line  of  the  ship's  apparent  course,  and  the  line  she  i 
tfitough  the  water,  is  termed  oer  Leeway. 

The  quantity  of  leeway  to  be  allowed,  will  depend  upon  a  variety  of 
circumotances ;  as  the  mould  or  trim  of  the  ship  ;  the  quanuty  of  sul  she 
carries ;  her  velocity  through  the  water ;  the  sails  being  properly  set  to 
r^ive  the  action  of  the  wind,  &c. :  hence  no  general  rules  can  be  laid 
down  with  accuracy  that  wiD  determine  the  quantity  of  leeway  at  oil  Umes. 
I  The  Ibllowing.have,  however,  been  usually  given  by  most  writers  bn 

,  1 .  ^Vlien  the  ship  is  close-hauled,  has  all  her  sails  set,  the  water  smooth, 
f  idi;  a  light  breeze  of  wind,  she  is  then  supposed  to  make  tittie  or  no 
leeimy. 

9.  When  the  top-galtsnt  sails  are  handed,  allow  one  point; 

S.  When  under  double-reefed  topsuls,  one  point  and  a  half; 
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4.  When  under  doa»-reeft(l  top«ulB,  twe  pMMa  i 

6.  When  the  top-eails  are  hanoed,  three  points  and  a  half : 

6.  When  die  forMxnme  ii  handed,  ftior  points ; 

7.  When  under  the  mun-sail  only,  five  points ; 

8.  When  under  the  balanced  misen,  or  miseo  Btay-sail,  six  points ; 
9>  Whm  under  bare  poles,  seven  points. 

As  these  allowances  depend  entirely  on  the  quantity  of  sul  set,  aad  the 
heave  o(  the  sea,  without  having  any  r^sid  to  the  fonn  of  the  ship,  or 
nature  of  the  cargo  she  may  have  on  board,  it  is  evident  they  can  ouy  be 
considered  as  probable  conjectures,  and  may  indeed  serve  to  work  up  the 
day^s  work  of  a  Journal  that  has  been  neglected.  But  sbce  the  eompatatWHi 
of  &  ship's  way  depwds  much  upon  the  accuracy  of  this  allowance,  it  should 
always  be  the  duty  of  the  officer  of  the  watch  carefully  to  observe  the 
leeway,  and  dther  allow  it  upon  the  courses  steered  before  they  are  pot 
down  on  the  log-board,  or  else  set  it  down  in  a  column  reserved  for  wat 
purpose. 

The  leeway  that  a  Bbip  makes  may  be  eanly  estimated  thus :  draw  a 
small  semicircle  on  the  tafirail,  with  its  diameter  at  right  angles  to  the  Ajp'b 
keel,  and  divide  its  circumference  into  points  and  quarters ;  then  observe  toe 
angle  contained  between  die  semidiameter  which  points  right  afit,  and  *i}n% 
which  points  in  the  direction  of  the  wake,  and  it  wQl  be  theleeway  required. 
But  the  most  accurate  method  of  determming  the  leeway,  is  to  have  a  ataa- 
circle  drawn  .on  the  taffi-ail,  as  before  described,  with  a  low  crutch  or  swivel 
in  its  centre.  Then,  after  heaving  the  log,  the  line  is  to  be  slipped  inut 
the  crutch  just  before  it  is  drawn  in,  and  the  points  and  quarters  con- 
tuned  between  the  direction  of  the  log-line  and  tne  fore  and  ut  line  of  the 
semicircle,  will  be  the  quantity  of  leeway. 

The  leeway  being  determined,  it  is  to  be  allowed  yVotn  the  wind,  that  is, 
to  the  right  hand  of  the  course  steered,  when  the  larboard  tacks  are  ahoaidi 
and  to  the  left  hand  when  the  starboard  tacks  are  aboard,*  suppofflng  your- 
self looking  irom  the  centre  of  the  compass  towards  that  point  the  ship's 
head  is  directed  to.  for  example,  suppose  a  ship  sdls  S.  W.  by  S.  by 
compass,  with  her  starboard  tacks  aboard,  and  she  makes  one  point  leeway: 
her  course  corrected  for  leeway  will  be  S.  S.  W,,  being  one  pmnt  to  the  left  of 
her  course  by  compass.  Again,  if  a  ship  dose-haulra  sails  N.  E.  when  the 
wind  is  N.  N.  W.,  and  nukes  I J  point  leewBy>  her  true  course  will  ba 
N.  E.  by  E.  4  E. ;  because,  having  her  larbosTd  tacks  aboard,  1  j  point  is 
to  be  counted  to  the  right  hand  otthe  course  by  compass. 

The  Examples  in  the  following  Table,  where  the  courses  stecavd,  with 
the  leeway  and  variation  to  be  allowed  on  each,  are  given,  from  thedce  b> 
find  the  true  courses,  will  serve  to  exercise  the  learner  in  the  forgoing  rules. 

~"  When  ■  ihip  ii  dow-hkalcd,  certain  ropei,  callad  taokt,  whldi  an  fuMnad  to  the  Invr 
comen  of  the  nukiu  and  foreuili,  an  hauled  forward  an  the  weather  tide,  or  that  nest  the 
Wind,  Id  -wUc^  can  choM  tacki  aia  Mid  to  be  itiMii,  When  a  ahip  ia  doaeJiauled,  tlat  it, 
vhen  (he  aaili  as  near  the  wind  ai  the  will  lay,  with  the  wind  on  (he  riahchand,  thehai  her 
Btarbnard  tacki  aboard,  and  it  tald  to  taU  on  the  ilarboard  tack.  But  if  the  wind  be  on  the 
left  hand,  in  the  wme  manner  'ihe  h«*  her  larboard  laJu  aboud,  and  ii  laid  (o  i^  m  tlM 
larboard  tackt 
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Coaraes 
•teered. 

Wind.. 

Leeway. 

V«l.«oii. 

Couraea  eomcted. 

E.N.E. 

W.  by  a 

N.  W.  by  N. 

Smb. 

N.  W. 

a  aw. 

E.byN. 
WM. 

N.  W. 

N.  W.  by  N. 
N.  E.  by  N. 

E.  aE. 

w.  a  w. 

as. 

N.  by  E. 
N.  RW. 

1 

]i  W. 

a  w. 

IJE. 
1    W. 

IJW. 

o|e. 
Te. 

N.  E.  J  E. 

w.aw. 

W.  N.  W.  J  W. 

a  by  w.  1  w. 

N.  W.  by  N. 

a  a*. 

a  E.  by  E.  i  E. 
W.iN. 

In  bsrd  blowing  weather,  with  a  contrary  wind  and  a  high  sea,  it  is  im. 
posrible  to  gtun  any  advantage  by  sailing ;  in  such  cases,  therefore,  the 
object  IB  to  avoid,  as  much  as  possible,  being  driven  back.  With  this 
btention  it  is  usual  to  lie-to  under  no  more  sul  than  is  sufficient  to  prevent 
the  violent  rolling  which'the  vessel  would  otherwise  acquire,  to  the  endao- 
gerisg  of  the  masts,  yards,  and  rigging.  When  a  ship  is  brought-to,  the 
mler  is  put  gradually  over  to  leeward,  which  brings  her  head  round  to  the 
wind*  The  wind  then  having  very  Uttle  power  on  the  sails,  the  ship  loses 
her  way  through  the  water,  which  ceasing  to  act  upon  the  rudder,  her  head 
611s  on  &om  the  wind,  the  sail  which  she  has  set  fiQs,  and  gives  her  fi^sh 
Way  Uirough  the  water ;  which,  acting  on  the  rudder,  brings  ner  head  aguil 
to  the  wind.  Thus,  the  ship  has  a  kind  of  vibratory  motion,  coming  up  to 
the  wind,  and  falling  olF  from  it,  alternately. 

When  a  ship  is  lying-to,  observe  the  points  on  which  she  comes  up  and 
&lls  off,  and  take  the  middle  point  for  the  apparent  course ;  on  which 
allow  the  variation  and  leeway,  and  you  will  have  the  true  direction  of  the 
drift.  For  example,  suppose  a  shui  lying-to  under  a  main-sail,  with  her 
Btarboard  tacks  aboard,  comes  up  E.  by  S.,  and  falls  off  N.  E.  by  E.,  there 
bemg  one  point  westerly  variation,  and  she  makes  B  points  leeway ;  what 
course  does  she  make  good  f  The  middle  point  between  E.  by  S.  and 
N.  E.  by  E.  is  E.  by  Jf.,  ftom  which  allomng  5  points  to  the  leti  hand, 
because  the  starboard  tacks  are  aboard,  gives  the  course,  corrected  for  lee- 
way, N".  N.  E. ;  from  which  allowing  1  point  to  the  left  hand,  because  the 
variation  is  weateriy,  will  give  the  true  course  N.  by  E. 

In  Buling  along  a  coast,  in  a  tide  or  current,  particular  care  should  be 
taken  to  observe  its  setting,  whidi,  with  the  variation  allowed,  is  to  be 
entered  in  the  Traverse  TaUe  as  a  course,  and  its  drift  as  a  distance ;  the 
aame  is  to  be  observed  for  the  heave  or  swell  of  the  sea. 


*  It  my  he  hem  meDdoneaJ  u  ft  ontion,  that  when  Oie  tnisr  l<  put  am.  It  ibonld  be 
lufaed  iritblu  haff  a  (urn  of  tha  wheel.  In  otder  that  tlie  rndder  majr  have  free  pUv ;  and  on 
no  Hnnnt  dioiild  the  helm  be  put  hard  over  to  leeward,  aa  that  would  endanger  the  rudder, 

£tla,  and  radgfloiu,  or  nUght  eren  Ioomd  the  iMm-poit,  by  heary  mu  itriking  aadait 
bai^  of  UM  rndder :  niaay^  Hrinii  Bixddenta  bare  oocoired  for  want  of  diie  pnoButlon  In 


<mi  itmrmoD'  or  kssfui&  a  ' JoctcvAb  at  ska. 

On  lesTOig^  the  lind,  tlwoppante  point  to  iubeutef^frMa  ^tUp^lrilh 
die  iwiation  allawed,  and  the  atiin»ted  distanoe  from  H,  u*  to  be  wt  d»«ii 
in  the  TnTetM  Table  aa  a  courae  and  diatance. 

Tb«  compQUtioD  made  fron  the  aeveral  couraeo,  corrected  as  aboTe,  sad 
tbcir  caiK^nidbgdiBtai]oea,iB  called  a  Z>ap*«  IToHIc;  and  the  Aip"*  place, 
as  deduced  tbetemm,  is  called  her  Latitude  and  Longitude  by  Aeeouni  at 
Dead  Reckoning. 

If  (be  coune  and  cUatance  made  good  by  a  sbip,  as  esdmated  fi«n  the 
compass  and  the  k^,  could  be  accurately  ascertained,  notbii^  more  would 
be  necessary  in  det^roining  a  ship^s  place  at  any  time  during  hev  veyape ; 
for  the  course  and  distance  being  Icnown,  die  difference  of  latitude  and  brn- 
ntude,  and  hence  the  latitude  and  longitude  sbe  is  in,  may  be  readily  found 
by  any  of  the  methods  shewn  in  the  various  sailings ;  but  on  account  of  tbe 
many  accidents  that  attend  a  ship's  way,  nich  as  swdling  of  the  sea ;  dif- 
ferent rates  of  sailing  between  the  rimes  of  hearing  the  log ;  want  of  care 
at  the  helm ;  unknown  currents ;  sudden  squalls ;  improper  allowances  for 
variation  and  leeway ;  the  inaccuracy  f^  tne  glass  and  Ibg-liae,  &o. ;  tbe 
latitude  of  the  ship,  as  deduced  from  Uie  reckoning,  will  mquendy  difier 
eonriderably  from  tiie  latitude  by  observation,  aad  nence  the  difieiesioe  tt 
longitude,  utd  longitude  in  by  account  will  be  likewise  erroneous.  Now,  as  tbe 
latitude  by  observation  is  always  dq)ended  on,  it  tenuina,  tbere£»re,  to  oor- 
Kct  the  snip's  longitude  by  account.  For  this  purpose,  examine  whetbar 
the  log-line  and  half-minute  ^ass  be  just;  and  if  you  find  they  are  sot, 
correct  the  distance  by  (he  rales  given  in  pages  61  and  62,  aoa  wiUi  tbe 
corrected  distance  and  the  course,  find  a  new  difference  oif  latitude  and 
departure ;  then,  if  this  difference  of  latitude  applied  to  the  latitude  left, 
^ve  a  latitude  nearlv  the  same  as  by  observation,  the  error  may  be  com- 
sidercd  as  sufficiently  corrected,  and  the  difference  of  longitude  is  to  be 
found  with  this  new  latitude  or  depwture.  But  if  there  still  remain  a  con- 
siderable difference  between  the  latitudes  by  account  and  by  observation, 
coouder  carefully  if  tbe  leeway  and  variation  have  been  properly  allowed ; 
whether  the  ship's  motion  mav  not  have  been  ofiectea  by  a  current,  at 
heave  of  the  sea ;  and  if  so,  make  the  best  estimation  you  con  for  its  setting 
and  drift. 

I^  after  all  proper  allowances  are  made  for  errors  in  distance,  currents, 
&c.,  the  latituoe  by  account  and  observed  latitude  should  still  disi^ree,  it 
is  then  recommenaed  by  some  authors  to  correct  further  for  suppooed  errors 
in  the  coarses  and  distances.  Thus,  if  the  course  be  near  the  meridian,  the 
error  is  supposed  to  arise  from  the  distance ;  because  the  error  in  the  coarse 
must  be  sensible,  to  make  any  considerable  error  in  the  difference  of  latitude; 
if  the  course  be  nearly  east  or  west,  then  the  error  is  supposed  to  result 
from  the  course,  as  an  error  in  the  distance  must  be  very  great,  to  make  a 
considerable  one  in  the  latitude ;  but  if  the  course  be  near  4  points,  Aen 
the  error  in  the  latitude  is  attributed  partly  to  the  course,  and  por^  to  tlie 
(Ustance.  The  rules  founded  upon  these  suppoutiona,  it  must  be  eonfeaaed, 
are,  in  ^leral,  Itttie  better  than  guess-work ;  and  are,  tberefote,  oHMtCed 
in  this  Work,  being  deemed  useless,  and  frequcntiy  leading  togreatar  errors 
than  those  they  are  intended  to  correct. 
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'  Nffilkhnattdhlg'dMtiH'tlw  •upposect  conrectkiAs  b^.4^pliedc«ddOthe 

Cttwt  tan-  wtM  ahip'^  fsokoning,  it  is  ftequendf  .CMnd,.'on<ndginK9the 
after  a  long  voyage,  Aatthe  Im^tadsdeduEedftom  thcrdBsd  rauaD> 
inr-Blme,  will  Oifl^  voy  coneidenibly  from  the  truth:  ■  Rood  anrigator 

'V^l  tbereferaloee  no  t^portunity  of  ucertaimng  the  ahip^s  |£>ce  by  cskstial 
oboermiiona  t  owryiog  forward  the  lalitudb  so  round,  by  applying  ta  it  tJie 
difference  of  latitude  made  from  day  to  day  by  the  reckoning,  and  to  the 
Icmgitude  determined  by  a  lunar  observation,  the  difference  of  loi^lude 

-made  by  chronometer,  until  another  obieTvation  be  taken.  A  separate 
statement  is  usually  made  of  the  longitude  by  dead  reckoning,  and  of  that 
by  obeervations. 


OENEgAL  BULEG  FOR  WORKING  A  DAY'S  WORK. 

1.  Enter  in  a  Traverse  Table  the  several  courses  steered,  corrected  for 
vaiiation  and  leeway ;  and  opposite  each  course  place  the  whole  distance 
'ran,  as  it  appears  by  the  log  on  summing  up  the  knots  and  fathoms  while 
the  ship  is  on  that  course.  Find  the  difference  of  latitude  and  departuce 
answenng  to  each  course  and  distance,  and  set  them  down  in  their  respect 
live  eolomns ;  then  the  difference  between  the  sums  of  the  northings  and 
southings  will  be  the  difference  of  latitude  made  good,  of  the  same  name 
with  the  greater :  imd  the  di&rence  between  the  sums  of  the  eastings  and 
westings  will  be  the  departure  made  good,  of  the  same  name  with  the 
greater  quantity. 

S.  Seek  in  the  several  pages  of  the  Traverse  Table  until  the  above  dif- 
ference uf  latitude  and  departure  be  found  together  in  their  respective 
columns :  opposite  to  these  will  be  the  distance  made  good;  and  at  the  top 
or  bottom  en  the  page,  according  as  the  departure  b  less  or  greater  thui 
the  difference  of  btitude,  will  be  found  the  true  course. 
Or,  it  will  save  trouble,  especially  when  the  variation 
and  the  ship  has  made  several  courses  during  the  24  h( 
or  compass  courses  (corrected  for  leeway  only)  be  ent 
Table ;  then  with  these  courses,  and  the  (Ustance  n 
corresponding  diS'erence  of  latitude  and  departure, 
magnetic  courae,  and  the  distance  made  good  in  i 
course  then  being  corrected  for  variation,  will  srve  t 
whidi,  and  the  distance  already  found,  you  will  obtnn 
latitude  and  departure. 
3.  If  the  latitude  &om  which  the  ship's  departure  be  taiken,  or  yest^r 

^day^s  latitude,  be  of  the  same  name  with  tne  difference  of  latitude,  add  them 
tMether ;  if  not,  take  their  difference ;  the  sum  or  rem^der  will  be  the 
]atuude  at  noon,  by  account,  of  the  sane  name  with  the  greater. 

,  4.  Fisd  the  complemeat  of  the  middle  latitude  between  yesterday's  and 
today's  tatiCude,  which  take  as  a  course  in  the  Traverse  Table,  and  seek 

-for  tOB  departure  in  iu  ccdumn  ;  then  will  the  distance  corresponding  to 
these  be  the  difference  of  lonj^tude,  of  the  sMoe  name  as  the  d^iartura. 
Ra 
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'  Or,  seelc  for  the  coune  made  good,  and  fbi  the  meridiotul  difierence  of 
Utitude  in  a  Ut.  cfdumn ;  then  Till  the  coiTe§poiidiiig  departure  give  the 
difffenooe  of  longitude,  u  before. 

5.  If  the  lonntude  of  yeaterdsy  be  of  the  same  tunie  with  the  ^Iference 
of  longitude,  add  them  together ;  if  not,  take  their  difierence ;  tbe  sura  at 
rentainder  will  be  the  longitude  in,  of  the  same  name  with  the  greater. 

6.  To  find  the  bearing  and  distance  of  the  intended  port,  or  any  other 
place,  &om  the  ship,  find  the  complement  of  the  middle  latitude  between 
the  ship  and  the  proposed  place ;  which  seek  in  the  Traverse  Table  as  a 
course :  in  that  page  where  it  is  found,  look  for  the  difference  of  longitude 
in  a  distance  column,  opposite  to  which  will  be  the  departure  in  its  proper 
column ;  with  this  departure  and  the  difference  of  latitude,  find  the  true 
course  or  bearing,  and  the  distance  as  before. 

Or,  look  for  the  meridional  difference  of  latitude  and  difference  of  longi* 
tade,  till  they  are  found  opposite  each  other  in  the  laL  and  dep.  columns, 
and  they  will  give  the  true  course ;  this  course  and  the  proper  difi%n«nce 
of  latitude  in  the  lat.  column,  will  give  the  distance  in  its  proper  column. 
,  If  the  magnetic  course  or  bearing  be  required,  the  variadon  must  be 
allowed  on  the  true  bearing ;  to  the  right-han<^  if  the  variation  be  westeriy, 
or  to  (he  left-hand,  if  easterly. 

There  are  variousmethodsofkeepingaSea  Journal,  with  regard  to  what 
deserves  to  be  recorded,  according  to  Uie  sentiments  of  different  persons: 
some  approve  of  a  journal  including  the  log-book,  each  day's  work  at  some 
length,  and  such  occurrences  as  seem  of  most  importance ;  while  others 
[K^er  a  short  abstract  of  this  long  journal,  containing  little  more  than  the 
course  and  distance  run,  the  latitude  and  longitude  in,  and  sometimes  the 
bearing  and  distance  to  the  intended  port,  for  each  day.  Tb«e  are  Uke- 
wise  forms  pecuhar  to  the  particular  service  to  which  a  ship  belongs,  as  in 
the  Royal  Navy  and  East  India  Merchant  Service.  These  forms  will  be 
shewn  nereafter. 

We  shall  now  proceed  to  exemplify  the  above  Rules ;  first,  by  a  few 
exam|rieB  of  separate  Days'  Works,  and  afterwards  in  a  Journal  from  Lon- 
don to  Madeira,  kept  in  the  form  generally  used  in  merchant  ships,  and 
contiuning  most  of^  the  occurrences  that  happen  to  a  ship  in  a  common 
voyage,  with  supposed  observations  for  ascertaining  the  latitude,  longitude, 
variancm,  Sic 

Note.  In  the  following  Days'  Works  and  Journal,  which  are  worked  by 
inspecdon,  the  I(^  is  supposed  to  be  hove  every  hour,  and  the  knot  <£vided 
into  eight  fathoms  of  tax  feet  each.  '  Also  in  all  the  astronomical  observa- 
tions introduced  in  this  Journal,  the  height  of  the  observer's  eye  is  np- 
posed  to  be  18  feet. 
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EXAMPLE  I. 

VMUrtar,  >t  nom,  wb  wen,  by  otnarratloa,  in  htltade  10°  N.,  ud  In  Isngltadf 
W4'W.j«ndh»vB«iU«imiii«mthUd»r,  uperkigi  the  Tarisdon  of  the  eon^)«»  being 
IpoinrWeit!  required  the oounwuiddiiwiioe made gwii, with i 
ificaii  al  the  ebip. 


aooa  thli  d»y,  u  per  log  ;  tlie  Tuution  oi  tne  can^)ut  oeinj 
•e  and  diitance  mede  good,  with  the  preMnt  latitiiae  uid  lan< 


H. 

E. 

F. 

Cennei. 

VTmd.. 

way. 

* 
4 

S.  W.  1  w. 

N.  E. 

Modent*  and  dev.  iq  tha  fint  and  iniddle 
«rUj    Utter,   thick    and  cloudy,    with 
drilling  rain. 

4 

« 

A  itnnger.  ahewlng  Eoj^ili  edom.  In  the 

fft 
10 

4 

» 

6 

9 

N.  W. 

S.W. 
8.  8.  W. 

E.  N.E. 

Ad  inoraaiing  breeu  and  doudy,  witbnls. 

a 

Variation  1  point  Weat. 

Coaraaa. 

Din.  N. 

8. 

B. 

W. 

8.W.4  8. 
N.W.byW. 

B.W.lrr8. 
8.byW. 

as 

14 

» 
41 

DM 

7.8 

4a.fi 

7-5 
40.8 

84. 0 
11.6 
S.O 
8.0 

.lat. 

iW.S 
7-8 

Dep. 

S9.B 

Lat.tn.bya«c.     1?    88  N. ...  Her.  Far»    I07ff 
Sum  of  lata....    38    3S  — — 

Middle  lat. ...     18 .  IS  M«r.  di£  be    8t 


midsight,  ^<«  the  diuanee  run  i^xm  the  fint  coune,  55  miles:  in  the  wqm  manner  the  other 
oonim  are  to  be  corrected,  and,  with  their  corraaponding  diimnGei,  are  to  be  let  down  ia  a 
Trarana  Tab)*,  u  akoira.  No  leeway  ii  allowed  ou  the  eouieei  in  this  day'i  work,  beeanM 
thvAip  iiKoins  large: 

The' whole  difFannce  of  latitude  S3'.4,  and  the  departure  fiS*.  5,  giro  the  ooune  made  good, 
8. 86°  W.,  and  the  diiunce  108  milci. 

The  M.  middle  lat.  7t°  41'  u  a  courn,  and  the  dmarture  09'.  6  iu  a  dep.  column,  give  the 
dlff.  of  iMigitode  82',  6  In  a  diat.  column,  by  Middle  Latitude  Sailing. 

Or,  the  oonne  38°,  and  mer.  diff.  of  latitode  Sff  in  a  lat.  wdnmn,  gire  the  diff.  of  longitude' 
Sy.4  in  a  dep.  column,  by  Mercalor*i  Sailing. 

The  diifeieDov  of  longitude  83  milsi,  or  1°  f  W.,  added  to  the  longitade  of  yeatenJay, 
t3°  4'  W.,  beouM  they  are  both  of  the  nune  name,  giTea  the  longitude  in  to-day  S4°  ff  W. 


BXAHFLE  IL 

,  ■  VMUtinif,  U  Dooo,  WB  wtn  in  latitude  39°  Sf  N,  ud  Innfituda  17°  ti'  W. ;  at  7  o'<^ 
,  P.M,  theiun  wai  oburred  toMt  W.  43°  N.  by  aampu*,  hu  declination  being  at  thftt  tii 
IB°  5V  S.  t  uid  we  have  ulled  Ihia  day  till  noon,  a«  per  log,  In  a  corrent  uttiiig  S.  W.  I  mi 
par  hour  all  dajr  j  raquind  the  coune  and  ditUOM  tutda  good,  abd  our  prewat  Uutude  u 
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P. 
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s 

COIUM*. 

WlDdt 

Remarka. 

N.  B.  by  N. 

£.&£. 

TheiuD  M  W.U^N^  bv  whid>  d>e  wUtioa 
i*  round  to  be  ISPW,  or  1|  point,  WmL 

s 

N.N.B. 

Eait. 

1 

Freebgaka.    Id  3d.  n<f  of  tba  topaaOa. 

6 
9 
8 
4 

N.  E.  i  N. 

E.by8. 

u 

10 

4 
4 

CI»u4y. 

IS 

* 

Lat.  by  nb..  S6°  ir  N. 

n  be  eoireoted,  tbe  T»H*ti«n  of  tiM  Bompan  nait  be  ftood  In  tin 

'i>mnoonto7a*dodihN.  E.byN^aal 

aatlait  obterration  to  be  about  If  point 
weiteHr,  Ui«  eomctad  oouna  will  be  N.  by  E.  1  £•  i  with  wbich.and  the  diitance  38  m3e% 
|h«  didf,  of  latitude  made  good  linoe  noon  II  found  to  be  84'  N. :  tbit,  added  to  th/t  latitude 
at  noon,  35°9'N.,  givralhelatitDdeln,ateuntet,SS'Sff  N.t  with  which,  and  th«  dediD»- 
liQD  1S°  66*  N.,  the  tme  variation  U  found  ai  followi : — 


Variation  ....  19    99,  ot  1]  point  Wen. 

The  connei  being  wurectwd  for  raiiatfon 
Ind  leeway,  with  their  ootretponding  di 
taoeea,  together  with  the  aetuid  drift  of  tt 
currant,  will  be  aa  In  the  Trarene  TebU 


Counel. 

Diet 

N. 

8. 

. 

W 

N.  by  E.  1  B. 

S.8.w!iW.l 
Current.     / 

Dil 

SO 
93 
94 
94 

.lat. 

48.  S 
99.7 
94.0 

■1.7 

I.  a 

«.4 

i*.a 

95.8 
SI.  7 

91.7 

13.4 

13.7 
13.4 

:e  made  good  la  73. 5  milv,  the  aame  aa  the  diflbrenee  af  lathvfle  ; 
nd  her  longitude  ii  the  ume  ai  yeiterday. 

The  difference  of  laHtade  7».  i  mUea,  or  1°  U'  14.,  added  lo  the  latitude  left,  W  9  N, 
giTaiihelatit(idBiD,8a°  I6'N. 


b,  Google 


la  thaaftarnr 
ractad  alilnide  btins 
tlUthkdkrMiuMD 
uid  longitude  fo.  vitli 


tUYS    WOKH. 

EXAMPLE  IfL 

noon,  we  were  In  MtaiJo  38»  W  &,  and  longiMda  10°H'  B. 
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Wlndi. 
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BouAt. 
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>.S.B. 

N.  N.E. 

Tbe  Gnt  and  Utter  put  of  iIiMe  S4  boon  a 
■noileiu*  breou  anddondv;  the  middle, 
iigbt  Bin  and  mlmi,  attended  with  rain. 
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S.E. 
E.B.E. 

8.by  W. 

10 

4 
4 

South. 

t 

lDl«.reo&of(hatoF.alli. 

It 

4 

4 

No  Obaerradon. 

Ming  tbe  variation  of  the  oompau  at  last  obterration  to  hare  been  eboat  %  pofaiti 
waatwV*  tl»  ^P  I***  Mlbd  nearly  due  East  from  noon  1^  Sh.  P.  M. ;  oomequently  tbe  latltndo 
at  that  lime  may  bo  coMldared  the  nroe  ai  at  noon.  Nov,  widi  the  latitude  38°  3V  S^thn 
tdUtoda  ai°  IV,  and  tha  dedination  IS^  47'  S.,  the  tnie  uimutli  ii  foaod  to  be  N.  96°  S4'  W., 
wUdkfOampared  with  tham^netioaaimuth,  N.7A°  WW.,  gljta  tbe  TariatiDn  21°44' W, 


ConrH*. 

DiaL 

N. 

S.  1  E. 

W. 

S.  BB°E. 
8.87  E. 
N.8S  E. 

55 

4 
98 

Dif 

a.  4 

1.0 

i.e 

55.0 
3.7 
i7.S 

1.4 

.Ut. 

s.«  eo.t 

a.4| 

0.8i 

Dep 

M  in  tbe  Tr«T«ne  Table ;  but  ft 
that  a*  the  dlnance  ran  from  noon  to  Sh.  P.  H^ 
andfrm  lIh.P.M.  to6h.A.lI.,areoivtheiame 
oooiM.  thia  eoone  ia  to  ba  oorreciEd,  and  wl  A  the 
nHs  of  the  oorreqMmding  diataucea,  5S  milea,. 
entared  in  theTiavene  TaUaaa  a«<nffv  eswfM  o'm' 


By  the  Tnkerw  Table,  k  appean  that  tbe  ahip  hai  lailed  due  Ewt  i  benoe  bar  d^artiue 
h  eijual  to  the  dlitance  nin,  and  tbe  latitude  to-day  ia  the  ume  at  that  of  ycaUrday.  The 
dUTatence  of  longitude  it  found  by  Paralld  Sailing,  ai  foUowi  ;— 

The  eo.  latitnde  SI"  40*  u  a  ooune,  and  the  departure  W.  8  in  a  dep.  oalamn,  give  the 
dtE  of  tongitude  lltf  in  a  diitance  oaliimn. 

.    The  diff.  ot  longitude  Ilff,  or  PSO' E.  added  to  theloagltndeof  yrateMay  19'S4'E:., 
ftna  die  bugitude  of  tba  ih^  to-day  at  noon,  19°  94'  E. 

Tt  find  Ike  Bearinff  ami  Dulanee  Iff  lilt  Capt  qf  Good  a<ipe. 

lM.atCofO.Hqps  34°22'S Mer.Paru...  91Btt    Long.of C.of  0,H(^19>t4'B. 

Latitodeofsbip. 38  »0  S.....„Mer, Parts...  9484    LongltudeofSbip...      i»  "  » 


..  19  94  E 


DUE  of  latitude t   58=938'  Mer.  diff.  bt.  990    Difiaflangltu^ 8     0:^:360'^ 

Hence  the  bearing  of  the  Caps  of  Good  Hope  1)  N.  E.  1  E.,  and  tbe  dlilanoe  375  m*^ 
The  coum  b;  compau  li  therefoni  N.  79°  99"  E.,  or  E.  N.  E.  )  E.  nearty. 


SIO 


DAYB    WOKKS. 


BXAMPI.K  IV. 

VMtarday,  UuaMi,««wv*lnl>titDda«<>irN..miidliMi«itiidafl«<>10' W.  At  7  o'dodt 
tU*  auroliw  m  obMrred  tli«diitaiiceottheHinuidmoon,wludinTeaurlaBeitadaMIhM 
tIiMM°WW.  I  KodibrdooblsaltiBidn,  vawerelmlatIludBr'47'N.M  lOfa-SOm. A.U.: 
r«qiili«d  Ilia  conn*  Mid  J'-it-'t  mad*  good  bjr  (he  tog,  tha  latimda  and  Imgitude  u  a 


by  dwd  TsikoiitDg,  Mtd  the 

»D.b7tt» 
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N.W.byN. 

N.E. 
N.B.b7E. 

A  phMutbnw  «jtb  Mr  vMlfcer  throu^ 
VacUtion  by  ■dnrath  8°  W. 

r.  bciiv  illowad  lo  the  left  of  N.  W.  by  N.,  gim  the  ot>n«otod  wdih 

N.  4S°  W. ;  end  (he  knou  ud  falhoau  *ammed  gp,  pre  tbe  diitaaee  ma  by  the  log  in  H 
hson,  138  milai  I  hniM  the  dlfferaoca  «f  latitude  U  ST.  I,  and  thedepertare8fi.e  mil^ 


latitude  In  by  aaconnt    S    19  N. 


14    61 

de.    7    95 

Cmii.ariiild.lat.S9    SS 


Tv  rwduet  M«  Ottervattent  (a  ATont. 


the  departure  made  In  that  Iiterral  W.  1.  and  (he  dlff.  ot  latitode  99*.  3. 

lat.  b*  obeemtton  at  noon 7°  a4'N.  lAt.ktD<uB.. 

0iff.  t^lat.  from  Tb. A Jl.to  noon    —  89  N. 

I.M.l>yobi.at7h.A.M 7    89  N. 


L*t.at7h.A.M.    7    U  I 


.Tk«eMii.ofmMdlelBtittidee9°ir,  and  the  departure  90'.  1,  five  the  diff.  of  longitudt 
■BderromTh.XU.tonoon.SO'W.i  wMch added  M 3e°58' W., the limgitude b)r tlbe obenra- 
tifm  their  Mtm,  97°  18'  W.,  will  be  the  long,  by  obierralioa  broufbt  ini  to  Bean. 


..Cioogic 


JOURNAL 

VOYAGE  FROM  ENGLAND  TO  MADEIRA, 

7JV  THE  SHIP 

BRITANNIA, 

J.   W.    N.   COMMANDER, 

Kept  it  6.  W.  Hati. 


S^ 

WTndi. 

B<iii>Ai  on  Boud  the  Ship  Biitaxmia,  ISSE. 

£S: 

S.8.V. 
8.W. 

Moderate  and  dnr.    At  Sh.  A.  M.  the  Pilot  euiui  on  boMd. 
At  eh.  A  M.  cut  looM  from  the  ibear  bolk  M  Deptford,  end 
made  Mil  dam  the  rirer.    At  Sh.  P.  H.  anchmd  in  Low 
Beach,  and  moored  ihip  with  a  table  each  my. 

1^1: 

W.byS. 

Ftedi  nlei  with  ihowen.    P.  H.  rraavtA  on  board  th« 

TnctdBr, 
JuDe«. 

S.S.W. 
N.N.W. 

Light  ain  and  fine  weather.    At  6h.  A.M.  unmoored,  and 
hove  ihort  on  the  beat  bower.    At  nooa  weighed  with  a  li^t 
breete  from  the  weitward.    At  Sh.  F.  M.  came  to  with  the  beet 

irtiich  was  Im.  4St.  ilow  for  Oreenwldi  mean  time,  and  lodng 
daUrS.Si. 

Wadiiaid*r, 
June  10. 

ff.N.W. 

Moderate  wnther  and  fair.    At  de^fght  wel^»d  and  made 
aalL    Atlh.P;M.«ncho™dw)tbtheb«.tboweratthaNore, 
in  9  fathomi.     At  5h.  P.  H.  wrighed  and  nlled  throndl  the 
Qceen-i  Channel.    At  8h.  30m.  P.  M.  «u»  to  with  Se  beat 
bower  at  the  back  of  Margate  Sand. 

7.sir- 

N.i>r£. 

N. 

weighed  and  made  taiL     At  Sh.  A.  M.  ran  througti  the  OnU 
Stream,  and  came  to  an  anchor  in  the  Down^  in  7  fathom*, 
about  1  mile  off  Aon,  Dal  Caitle  bearing  W.  N.MT.,  the 
SoBth  Foreland  8.  W..  and  the  North  FwdMd  N.  N.  E. 
P.  H.  the  Pilot  left  d>e  ifaip. 

.ra 

N.N.E. 

flored  filling  np  the  water,  ilowing  the  boom,  and  bo.li, 
and  getting  all  dear  for  tea.    At  lOh.  AH.  weighed  and 
made  leiU    At  noon  the  South  Foreland  upiH»  I^htlMue 
bor«  N.N.W.,  distant  aboutd  milei 

aealog.. 

Sbip  BRITANNIA  tnm  ENOtAiro  tomrda  Mabkiba.                j 

H. 

K.    F 

.|     Coon* 

WIndi. 

^j         B«n>A.,8Uard«r,JaMl3.IMt.        | 

7  '< 

■W.S.W.iW. 

N.  N.  B. 

U^  wlDdt  and  dmi. 

P>opb  ampfartd  TmrioaOj  luite  tU  Bom. 

W.JN. 

InUt.  rMfoflhetopMlU. 

H 

WJ(.W.|W 

N.  E. 

Bcmbridge  Point  N.  N.  W.  ^  W. 

OODTM. 

Diit. 

«ide.    iDiff. 

Obk    'loDff. 

Ace 

igit-ide.    ■ 

Bfwingud 
OiiUuice  at  noon. 

1          1 

1 

'a.. 

a. 

rt-s 

.       Courui. 

Windt. 

Le- 

RunoAi,  Sundar,  Jodc  U,  1835. 

W.N.W. 

N.E.byN, 

Frodi  bnoo  ud  £>ir  tlmm^out. 
At  i  put  I  .brMn  of  St.  Cuhaint-i  Potot, 
olttdlor.  .bout  8  miloi. 

St.Ald«i'iH««dN.W.l  W. 

1» 
11. 
1* 

B.N.  E. 

Portland  Light  N.N.W. 

S  1  s 

3:5.4 

«-!«- 

5  '■» 
8-    »■ 

9  <«    1 
9    6 

10  .  8 

11  & 
13    S 

W.byN. 

OmtiMfiafUMtofoik^ 

Two  Miugo  idl  in'^t  OD  the  ««•««• 

bow,  tt>ndillgBp<jMIUI«l.      .... 

At  noon  musterad  the  ihipV  comrNuiy.       ;? 

Coon^ 

tXu. 

2f-^ 

ionc. 

Bearing  »d 
Di*MMMw<M. 

Obi. 

ou. 

> 

Chr. 

..CiOoqIc 


H. 

f. 

Oavm. 

Wladt. 

Ue. 

ReeHutf,  U<»dv.  Ju«e  16. 18U.    . .  | 

10 
II 
IS 

% 

W.  by.  N. 
S.W.1W. 

E.N.B. 

N,brW. 

A  bridL  iriod  ind  cl~r,  ia  the  Snt  and  mid. 
die  pATMi  kttar  lUd^  doodr  wMher, 
wlthdritdiDfimio.                           ,      : 

At  6  P.  U.  the  Umti  ben  N.  B.  b*  II. 
dimntSlnfueii  (Mm  vUdiltaUBT 

ud  ooUed  than  down  bi  the  tier. 

At   Dcxn  imiiided.      GriMnd  7«  tebotni 
nnd,  ihellt.  wd  h>he>'  teeth. 

V>H>ti<»  91  point.  Wen. 

Cgnne.  [iHit. 

D^ 

leng. 

U.«, 

DiHuoeiima. 

Aoc 

Ola. 

awwj  81' 

1 

W 

iff-W 

« 

v*r 

Chr. 

Ai  the  IdiBid  ti  the  leit  p<^t  of  lend  tn  debt,  the  ihip'i  depertura  l«  taken  from  thtaet, 
nj^odi^  ft  to  be  in  Utltade  49°  58*  N.,  and  lowitnde  S°  ll'  W. :  now,  u  the  bcsrinrW 
the  Uierd  trvta  the  ihlp  wae  N.  E.  bj  N.,  the  bearing  of  the  ihlp  from  the  tAaui  wi 
&  W.  bv  a.  t  but  u  tbt*  <i  the  baarinf  by  eompam,  the  TBriadoa  Sipoinu  W.  la  to  be  allovei 
to  the  Wt  band.  whiA  wfil  aire  the  true  bearing  S.  {  W.t  ttili  Ii  U  be  enteied  In  Ihi 
IiSTetwTableeiaani*e,andSlaHMa,  or  9  AillM,  the  tappoaad  diMMoa  oflbeUMti 
frim  the  ddp,  ■■  a  dbtoora  imk  Hie  ooonea,  eanectedteTariadaiijandtbadiimManif 
I7  the  kg,  after  6h.  P.  H.,  are  dee  to  be  wt  down  in  the  Tnmrae  Table,  at  folUwi  «->; 

"'  "'  Ii.       __    1    _     I  _    I I      Thadlff.oflaL8r.76.BiddetiartDre4 

Iha  conne  made  good  frsm  the 


8.I_W. 


i».i 


.  of  lat.  ST.  7  6.  and  departore  IV.  1  in 
gire  Iha  conna  made  good  frsm  the  UmiC 
&  37°  W.,  and  the  diitanoe  8t  milea.  ■ 

Lm.  efthe  Uaaid  dS°S8!2L  JbEJIuUi»A4Zl 

DiKof.lat.Un.ec    I     5  8. 

Ut.In braces 18  U  N.  War. Part*.  S^t 

eamoflatimdw.„«e  SI  <~^ 

Middle  Uthoda...  4B  9fl    '    MwJIff.lat.    IW 
0».mld.ktitBda_  M  M 
Sr.  and  tha  mar.  Aft  of  lat.  lOV,  gin  the  dif.  of  le 
lat.  U°  sr  aa  a  eonn^  and  the  dapartnra  4B'.  1  In  a  dap.  oolamn.  ghe  the  di£  of  longjtnde 

. ■        ;3.6mUaa,or   ..™. -V...    -  "'"'  ^ 

.  Lo^llMdeoriheLbwd   ... — , 


Dlg.lat.M.7 


..O.I 


;,  Google 


Ship  BAITANNIA 


from  BwcLimp  fwiA  M*pMafc 


n.yr.bTit. 


ft  WiM  iriU  &lr  kwtb*  ikr  A* 


h  IM.  TMf  of  Ih*  u 


Oat  ntU  ct  tbft  iffnifli 

nckad. 

Spoka  a  brif ,  bound  to 

VkriBdonSl^pdi 


^i^ 


Ckps  Fluiiufn, 


WJf-W^W. 


D3. 


vpODding  diMuton,  vfltbi 

With  tUdi^.  of  Utilnde  47'.  4  S.  ui  tk«  to. 
iT.a  W,  dia  oDuno  U  found  to  W  &  tf  Wi 
and  tha  iftiiinn  M  mUat. 


Iba  kdlMlo  faoW  br  tho  1 

M  ah.  A.M.  l>«ti«  bt<M«b»  fwwMd  b;  th* 
U.  Mm  dM  dmo  m  omi^  almi  tb«  riilp 
In  ItfiMido  4r  V  N. 


KITS  tbo  diK  K  taof.  tx- ;  ordMealMiKi 
4F9I',  wWiih* ^ 4r.S,  Ki*e  A> <tfjf 

long. HnL, or  , __  1°    1**1 

YaModay'i  loogirado S    17  W. 

Longftnde  in  b^  dUAuit   r   H  *- 

M  rf  Coft  Finiittrn. 


\   lt=i\V.     Mer.diff.lM.    418    I>iff.or 


1  4s=; 
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.WiBdi. 

Lee 

B«t«riK  WrfnwUy.  ^n,  IJ,  1995. 
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■Wm%. 
W.8,W. 

S.8.W. 
Smth. 

t 

1 

Tk<  em  pvt  ■  f^Mk  braaM  )u>d  clondj  1  dui 
■nUMltaiid  iMMv  daw  w«tW,  wdUn 
wind,  with  >  Mtt  naU  fico  ^  ft.  W^ 
for  which  I  allow  It  mllat. 

■nd  dnwtiw  ud  knoUuiK  T<vo*-    ' 
At  7h.  fiBm.  P.  H.  the  Km  Mt  W.S$oW  V- 
hy  oon^Ma,  which  n»kM  iha  vMittiM 
«S»  »!',  or  S  fdtM.  WMt. 

PumpMl  «hip  u  U  liich>  wuar. 

At  5h.  Mm.  A.  H.  the  mar.  lit.  fli  the  wm'* 
U.  L.  ai«  39  IS*  8..  which  pboM  the  il4p 

in  iMitode  trsrars. 

Ode.  mer.  alt.  of  O'*  L.  L.  8S«  SV  4r  8.  i 
hence  the  Ik.  by  oti*.  It  47°  48'  IV  N. 

CouH. 

Km. 

Dift 
lat. 

n-f. 

Ai».     OE*" 

TWff. 

Ungituda  W. 

Dinance It  noon. 

i»'MI. 

Ace 

OU 

B.M-W 

- 

S. 

w. 

4r4i'47'4ar 

W. 

IFIBf 

&.,. 

South.  Wm. 

i.  W.  ii  Rippowd  to  drive  the  ihip  It  mflea  to  the 


M  awt  dtttont*  In  the  Timretie  TiUe. 


— Ts; — 

Diet 

K. 

8. 

B. 

W. 

W.8.W.*W. 

W.8.W.(W. 

8.W.bTW. 

N.N.fe» 

8-dl.} 

44 

» 
It 

D 

11. 1 

14.  B 
S.B 

11. 1 

... 

41.4 
l».l 

18.6 

ILI 

ff.Uv 

n.1 
11. 1 

4.« 
Dep. 

77.1 

t.S 

72.  S 

,  47  41  N.(Obi.>47  43  N. 


Ca.m 


.  4t     8 


I.  mid.  Im.  47*  8*,  and  the  ^maitnr* 
ri'.S^Tethediff.ofl^.lWoi'...  I«48'W. 

The  dift  oTlkt.  made  between  noon  and      Yeetarda*'*  kngltnde 7  SI  W. 

lBIla^n«.S'S^■llbtnGtedrlrom48°8'N.,the  

lab  at  lau  Mas,  fiTac  the  lat.  47°  Sff  N.  at      longitude  In  by  acomat  k...  9   19  W. 

Tfc-SSm.  P.M..  when  thaa«p)iHid«  wai  takea. 

Tbalat.4r(d|'N.at9h.40m.A.M.,bytbe      Note. 
^M^  Mr.  alt,  baiir  baoukt  m  to  aooM  hy 
lb*  log.  Bthea  the Ut.  4r4il'  NT 

re  Auf  Ot  SevriH  snf  Dulantt  ^  Capt  FMtterrt. 

iM-eCihlpbyob*-.  tr>43'N.' Her.Fam...  3368      Lonifltade  of  ihfp 9'irWi 

UkifC.  FtnlitMTe  4S  t«  M.  Hkr.Parta...  S8A6      Long.cf C.  Flnliterre  9    18  W. 


NoTE_ThB  ooaiM  belu  hrpi  the  dtff  oT 
long,  b  found  by  middle  latitDde  in  pre. 
fhrnioe  to  Hanator'i  SaiUng. 


iV« 


1« 

II 
IS 

10 
11 

w 

K. 

P. 

CWlM. 

WlDte 

u». 

ltwM*i,  TIwotJt.  J—  IB.  IMfc 

« 

4 

X 
4 
9 

* 

9 

4 
» 

8.17W. 

&S.  W. 

aw. 

S-W.byW. 
W.bjS. 

1 
4 

At  lOb.  Sol  P.  H.,  A*  gfak  mh.  of  Ika  fbfa 
SUr  WW  4riV  N.,  wUrii  |im  tte  M. 
tadi  47"  W  N. 

At  IfiL  the  foot  rope  of  ilM  mtaM  BpNl 
■nawajrt  nntwic  tt,  and  Iwnt  uMfaar, 

At  MlSSdl  I4»  A.  H.  tba  lit.  O'l  U  k  ■■• 
tVnrwV,  bminc  bTooMpaa  B.E.;  i^ 
M  Ilk.94m.H*.  the  ah.  O-k  L.  U  DM 
SS"  49*  10",  wUdi  glMi  tlw  iK.  far  «Mll* 
>lttt«te4rtf  N. 

TarisrinlFointiWMt. 

pOOIM. 

Dirt. 

Di£ 
lat. 

Dq 

UttrnJiN. 

Dif. 

Lo> 

B«riii..D4 

Ob.. 

8.rB. 

W 

S. 

E. 

UPW 

irv 

B. 

rv 

L. 

8.  4  w-  tsro. 

— TS5 — 

Counto. 

i:^ 

N. 

8. 

s. 

W. 

W-lrrB. 

s.e.|e- 

S;B.toS. 

H 

IS 
M 
IS 

4.> 

10.1 
SI.  6 

11. t 

14.4 

10.  B 

S4.« 

Did 

lu. 

01.  s 

38.4 
34.5 

11.9 

S4.S 

Th«  dUr.  ofladtud*  01'.  S,  Bod  dep.  ir.  9,ijt>« 
tha  oonna  8.  7°  S.  and  tba  diitaiMW  M  idIIm- 
rB*taTdBr'iIat.b7obB.4r4>'N.  Mar.Pti.lM 
DUr.aflat.bjaoo.M'or    1  N  S. 


Lat.  in  hj  aoomi 
L«t.In  bjota.... 


..  4*  11  N. 

..4S    SN.  Mw.rt*.IlM 


H«r.<IC«riat.t>7ob. ....   141 

w  r,  and  dM  mr.  diC  on*t.kr 

ol».l4«,giTalUdiff.oflaaR. VlfB. 

lliaht.ln'tlw  Polar  Star  at  10b.  Sin.  P.H.      YaModsy*!  longltiida.^ t  UV. 

-      47°  W  N.,  a>d  tbe  iliip  h>Ting  mada  

.  i«  log  tV.S  of  Mutblng  (o  noon,  giire      Loogitada  In  by  aaooont^..., 0    I V. 

lat.Mlb>ttima4rai'N.  


m 


Ut.  of  lUp  bT  oba..  40°   V  N.  . 
Lmual Cfbuittm  49  H  N.  . 


JUff.  VflmJtoda... 
HtMRika^tM 


S     7  =  l8r        Mer.dirr.Ut. 
eauia  ia  abrnt  &  t  W.,  Ua  b 


DifF.  of  loD^tnda If 

iico>>nma.S.ir.'lW.,mrikt 


):,GoogIc 


m 


SwF  BHTTANNIA  from  Bnsuhv  towwds  Maokira. 


FHdar,  Jmw  19, 1«U. 


S.b7W.       W.byS. 


Frnh  braoM  thnnglioal,  wltli  UrwMiliar 

Faopto  emploind  niida-  ih«  BoMnrtlD. 
CuMUr  naklng  >  top«u*t  ttnildiDi 

8>fl-inik»r  maUng  ■  quarur-dock  awning 


'T$ekai.  AtlOh.P.M.ata.ah.o(th«PaUr 
Star  «ai  4r  W  N,  whU  mak«  tU  Ud. 
n>d«4I<>yN. 


At  tflbStn.  A.  M .  (be  ■on'*  aiinmth  hr 
oompaiiWMS.Sl'IO'E^  tKa  alL  of  lt> 
U  L.  1»°  49  )0",  and  Iha  lab  brausht 
OD  br  the  log  bom  lUi.  P.  M^  Ufaifk^ 
whUi  gira  &»  TaHation  19°  ST  W. 

Fa«ad  oj  a  ihlp  under  AmsrlGan  inlcran 
Manding  to  tba  eaatward. 

Her.  alt.  G'i  L.  Ia  88°  SA"  Mr  8n  k«M  tlw 
lat.  bj  oh*.  44°  IV  N. 


N    ,Dlff. 

Aee.  I  bba.    tong. 

il''l»'44'W'|  ^ 


LongttndeTPT 


Bearing  and 


B-brW.       SI 

ir.  bf  8.  '  M 

N. 

8. 

E. 

w. 

n.4 

11. 4 

s.; 

<.S 

S.4 

74.0 

18.4 

>.u. 

M.» 

t.fl 

ioe.8 

8.S 

loss 

In  tU*  Ttvrana  TaUei  the  n 


i»M  cour*e«  ai«  wtand,  irtiidt  gfre  tlw  diff.  of 
lat.  W.6,  and  the  dafartura  lOr.S;  eamapead- 
ing  tn  iheat  an  tlM  magnetiE  coune  B-UPV^ 


Variatiini  by  Ri 
Troeooone   .. 


XeMBiri»'alBt.bTi4*.4a°  VN.  Mer.Fia.  MM 
DU  of  bt.  I04DI.  or    1  44  8. 

Labia  bf  aotonnt  »  44  10  N.Uer.Pik9S» 

ftanaf'lMi(wlei.„v  M  S9  Her.diff.lat.  US 

m  larimdelZ^...-  45  U  

0*.  nia.  bdbule 44  iS.andtliedap. «r.S 

gtn  tlM ^C  orlon^tnde  M  milea. 


TtM  tna  conn*  S.  SS°  WU  and  the  dk-; 
laaM  194  aula*,  gira  llw  true  diff.  of  latl-. 
todo  104'.  0,  and  Uifl  true  dcp.  07. 5  mDa*. 

Tbe  oouTH  S.  3S*W^  and  the  mer.  diK 
at  Utltuda  US')  gin  the  dtlf.  of  longftod j 
»*n-or VWWf 

Yeitardar'i  loqjimde 9     1  W. 


Longttnd*  In  hy  aouoi 
byobt-..  44oi9'N...»..Har.Farti_.  M7S    LengitBdaof  lUp... 


...10^87  W.' 


LaMfC  WlfUaiew  48  UH 

Duel  Wind*.;...     I   U=S3'     Her.  dlff.  lat.  lu    DUE  of  Imgitqda , Tsi  =81' 

'tldMfediairaekwriBgbfCaMFInUMtTaUS.SS'E.,  orS.I3|°B.  by  cii1|»la,— dAe 
dlMa«ceM»^»MllM.-  :   -^ 


H. 

10 
1 

1» 

n 

19 

E.| 

r.    couTM 

wna.  i;;:^ 

BmdmIu.  SMinU,«/tlB4  M.  18SL 

aB.bT8. 

B.8.E. 
S 

Si- 

Ten. 

S-byW, 

8.w,br8; 

8.W. 

8.T.lqiS. 
8.8.flr. 

1 
1 

6 
S 

u 
u 

Strong  braena,  wtA  nlo,  utndad  *itk 
biUc.Mf</tb.ioF»a..     ^     ^ 

Om.  ntO^  h«.dad  tba  bn  .nd  milD 
Mp-Mik,  and  brought  tb.  .hip  to  v^M-. 

P»lr~ttar.   0„,dl„,^rfa.,v»._n. 

Cdotm. 

Din. 

ku. 

IHi 

"hs^ 

Ob..' 

S.W. 

41' 

8. 

^.|«PW 

IT'-T'c.    'aSrJ'.'ilni. 

.  imddl.  Mint.  bMw«ni  tboN  Uw  .Up  co^m  op  m  mai  tJ^  'T    jiimiTi  I 

I  diiMMd  ta  p.g«  »0»,  WgMbo^th  th.  dSft,  -UohbT  b«.  iiSZrfZ 

hMic  m  isMitad  m  tha  Tnrem  T.bta  u  tba ttardi  ud  Iftb  ni^inlliT^ 

diff.  «f  kt.  ir.  4,  .nd  dep.  sr.  9,  aire  th* 
tieowr..  0  PM.  or  W.  S.  W.,  and  A*  lU.. 

Tba  nriadon  t  pto.  WMt,  .Uoirad  oc  tlu  mac 
netie  emir*.  W.  8.  W.,  gfw  tba  tnia  eoane  S.  W 
^lieb,  witb  tha  di.i.  41  taUm,  ^n  the  tnia  OB, 
of  1«.  ar.  0  8^  a«l  iha  M»  da^ia  99'.  9  W. 
IfX^f  "^ **""'  N-.M.r.  Pi«..  sm 


Couna.. 

DUi. 

N. 

8. 

E. 

W. 

vr 

» 

A.  71 

98.4 

14 

t,l 

)•.( 

S.K.bjS. 

19 

m.i 

K  I 

t  1 

wjtMr,iw. 

10 

SI 

8.1 

M.1 

».; 

W.l».> 

H.1 
M.S 

■ 

DUT-tet. 

IA.4D.T>-!  37.91 

MterdaT** 
Iff.ht.br< 


I^tinda  in  bj  aoB.  43  SO  NM-Har.  PHta  tSB 

Sum  of  htituda.  ,„8t    t  ; 

Mid.l.tftud« .44    4  Hw.dir.lat    40 

Co.Dud.kiituda  ...4A  M 


'  TkMOWp.  or  mid.  Irt.  46"  W,  and  dap.  MK!  O,  «■  tha  oonna  4  •«.,  aad  Bwv  di«  af  kt.  4ff 

Udtoda  of  Alp  .„.„  48^0'  N Bbr.  Pan.  „.  S83f    Ixncffndt  tf  rt>b.       Il<>ir  W 

L«.  rf  C.  Pl»hu«.._«M  N Mar.  P«.  ...  MM    L^ITcrHite"  «  w! 

WTrfladtoda..^        84'  Mar.  di«.  Ik.      74    SUT.tf  loi«iu.d« "JTl^lM 


.l,:sa:,G00gIC 


M9 


iMw  ■Bifti'ANmA  ftto  8(/oiA[ft  to*»riife_SiAD*|i(.ifc. ...J 

B. 

a 

iL  i 

CWtidK 

Xrh.d». 

Lm- 

RoAito,  8abd«y.  JffiA  sf ,  isaff. '  -' 

* 

4     1 

s 
s 

w.bra 

■■  ■ 

■ 

B.b7W. 
S.bf  B. 

8.E.I>tS. 

U 

t 

fair  ifMtbtrAratigluRA,    -                    '  ; 

At8b.tl>m.P.M.iheQ<iMl>«iath  broffnp^ 
WM  N.  Sr'M' W..  thB  dlituderfWi  L.  lb. 
HPW48",  kndibe  Utitiid«  W  «■  Ni" 
whidi  gin  the  nrUdoa  SP  ^  W. 

At  lOh.  «m.  F.  H.  tba  mar.  ilt.  of  tiM  (tiu- 

tka  latitude  ^rsrirM. 

A>H.   PfliTUiuiM  oWnft'rtrTwdi  And  initt* 
tmd  the  ihlp'i  m^jmaj. 

Mer.  lit.  <31  L.  L.  70°  SS*  IT  8.;  hODO  dkl 

Ut.  M  luoo  by  Ota.  b  ii°sr  sr  N. 

Cmum. 

!Di*t. 

Di*. 
Ut. 

D^ 

IMff. 
low. 

Lou 

BfWioKaiul 
DUt-»«noo„. 

Ato 

>l«. 

Aox 

i.tiS>Vf. 

lOV 

7* 

£ 

i9»te'ii 

r*** 

JL 

iro- 

QW' 

!l.F,'K-f»*i-- 

S£± 

m.1. 

N. 

S. 

E. 

W. 

11. 0 

SO.B 

».o 

BffbWJW 

M 

IS 

as 

41 

4.» 

16.  S 
19. « 

1.* 
.lu. 

45.0 
4.» 

40.6 

Dq. 

M.» 

TU  4Ur.  of  IM.  40'.6  and  th«  itf.  S4'.3  gtva 
iofloan*  S-SrW,  andtfaadiuum 

idn  il?W.  allcwed  on  dm  tnigratii 
e  tho  true  ocnuM  S.  46°  W^  wbidi 
^Canoe  l03nu.f[iT4  dw  tni«dlff.(f  latf 


rt'.s* 


^v4d»>ti 

7*'.\. 

43°  W  N.  JUAr.  Farti  I 
I    J3  S.  ' 


Lrt-lnbrKooDiit.  4«  »  N.  M«.  Pwtt  SSHJ 

BnmoTktitudM...  Bfi  28  — j 

MIddl* latitude  ...  43   14        HA.diff.lat.    M 
•  la  wDiUng  Dp  A*  log  from  HOOD  to    Co.  nld.  latlnide...  46  46 
ih.lOm.  P.M^tlio1atitnde.«bantbeaiU        TbowLnrid)M.4«°4«'wltk  Ao4op.-Ur.lt«iw 


Diff.  of  bag.  \09.fiiii.   t»   1  4*  ir. 
LongltiidBliibf  aeoMmt ...  IS     0  W. 
ro>Hi  rt*  BMfBV  and  M«(a»Ki»  (^  Porto  *w*- 
Ut.rf»hIp,l(T0b*ira8'N MBT.Pam...  »S3    langlwdB  of  (Up ...  UPVW. 


DiAefltA&da. B  8S=S7S'.    Hw.diff.iat.    730    dBT.of tongitudt 

r.  diff.  IbU  TSV,  and  the  diff.  of  1c 


Xha  Qwr.  QUI.  iB(.  **»v,  <u™  fciwi  «*"i  V-  ■»..>'  -—  t  oiT^  "TT"  ~ 
<M&tic,  «D«  tbe  pMiMfr  dff.  or  I«t.  S7S ,  rIt*  Ae  dinanoe  SWsiUm 
Btll*<fb>«B.Sr'W.,'arS.W:t&      ' 


...    8   1»=1W. 

e8.U0W.;  thta 


JOMJf^ 


Satv  BRITANNIA  fnn  EKwuufB  to«s»k  Mumu.             1 

H.   i 

L  r. 

CnonM. 

wi>di. 

ItemMb,  HoDdMl  Jdw  ai.  IBU. 

1 

■.W. 

8.B. 

Variable  Itikt  bnm.  udliMfau,  wiA Imi 

to 

11    1 
U 

4 
4 

VirUbk. 

aim. 

Triad  tha  cDn«nt,  utd  (bmd  h  Mtdsf  M.  E 
br  N.  K  d»  raw  of  «  a  niB  F«  luor. 

AtlSb.Slm.  P.M.dMm«ialL<4  tbCNW 

tl^Iat.U'lfl'N. 
At  41>.30i>>.  A.M.  th«  Mm*!  aiapHma«  b> 

«hMi  gt*e  ihe  nriMloB  90°  \9  W. 
At  Sli.  A.  If .  obMrrad  a*  Al[lowtt— 

1«-  i 
11    1 
If    1 

• 
4 
« 

s-w.brs. 

B.  byN. 

•l«l.4rln.40■.       arwao" 
4B     so                47  4t 
41     S9                66  30 

Oti..Diar.  alt,  O**  I^  L,  71°  IV  IV&(  k«M 

the  Wt.at  noon  b^ ah».U4r't'  IS*  N. 

Coon 

«.     INK. 

Dur. 

lu. 

IV. 

Mr. 

lonff. 

Lon«l,»d«T. 

Be.iiiig*Bd 
DiKuoe  at  nnt 

Ac. 

8.«° 

IF.    » 

sa* 

_w._ 

4rfl' 

*ry 

«o«. 

Our.  iry 

Porto  Santo, 
8. 1«°  W..  Mlm. 

■t'>  log,  it  appsantbat  lliecuirrait  Mt  N.E. by  N.by  oooipaia,  and  tha  diifin 
yhaifaniUa  par  bcmi,  aakbig  llmilaa  in  thaUluNin;  thaM  are  tliat«<br*H( 
~  «  TaU*  ai  a  anna  and  dbtaooe. 

Tba  djf .  of  Ut.  H'.  0,  and  d«B.  S4'.  4,  .In  Ibi 

uafDado  ooutmB  .  4  4°  W.  and  tba  diM.  K  nSik 
Tha  rarlatkn  ano  I »  W.  allowad  OB  tba  >^ 

netio  oouna  B.  4t<>  W^  girai  tbe  tnia  ««> 

S.  KPtV  W..  wbleb.  «ith  the  diataaca  SS  iidla. 

sirai  Ibe  tnu  dlff.  oTlat.  U'.O.amd  tnitdM^ 

tnra  14'.  X. 


LaUnbyaco. 43    ON. 

Lat.fnbyoba. 43    t  N.  U^ViU  tm. 

kf«r.dW.lat.by«ti.     tl 
Tha  «auna  S4',  and  the  nar.  dW.  al  bctk 

obfc4r,«i«thadar.ofionf. vtem. 

VMtarday*ilong.by8oe. IS    0  T. 

.  _  Imgituda  fa  by  aoomnt IS  II  W. 

To  find  A*  ilasHv  "^  Ditlanet  i^  Petti  An*. 
w  aba...  4r>  V  N Mer.  Faita...  >7M    LoBgltnde  bv  ds««.  \9  «"ff> 


...Har.  ram...  >108    Long.  (4To*1»8aMo 


18  It  W. 


Shu.  ^TTAKNIA  from  t^sat-AUD  tawardB  Massib^    .    -  .  *  | 

B.IK. 

T. 

Cu^ 

■ffud.. 

Remarks,  Tnesday,  June  S3,  1B35. . 

10 

u 

19 
» 

I 

4 
S 

e 

4 

4 
S 
3 

4 
* 

S.8.W.iW 

s.w.brw. 

AW. 

E.by  N. 
8.E. 

An  increauog  breeu  tlmw^iml,  ^tb  fbU 
weather  and  imooth  naier. 

8l>red  the  maiu,  let  the  riiggiDg  up.  u4 
rattled  it  doira,  foie  and  aC 

At2h.5liD.P.H.Iheol)eerTeddl>t.lMCww>> 
the  (un  aDd  moon  wai  39°  tf  r,  the  alt.  of 
the  e't  L.  L.  iV'ao'W'.  and  tba-alt.of 
the  »'»U.i.  irStf  16"  (no  indwt  trron), 
naki»cthelong.t3<>Se'W'^»hi<dibn>ugfct 

Inlit-rerfoethetopuili. 

At  7b.  lOm.  A.  H.obterred  u  foUo«»:— 
TInMbrCluai.        Ot».iJl.  SuMUL. 
80h.»m.41«,           ST^SCaO" 

3  SS                   9880 

4  44                   46  40 
which  give  the  long,  at  noon  14°  »  W. 

Oba.  mer.  alt.  of  0'«  1*  L.  JS^  S»  AT' S. : 

which  girea  the  lat.  at  noon  39°  36*  lO'N. 

Variation  1]  point  We,t. 

Cww. 

IHlt. 

ma. 

lat 

D-p 

Bearing  and 
Dimance  at  noon. 

Aco.  1  U1».     loDR.  1  Aec. 

Oba. 

s.irw 

15* 

a. 

w. 

as's^'laraffj  ^  u-sr 

Chr.l4     8 

8.  l«4''W,40»in.' 

aepondiilf  dietancea,  wiU 


'  The  cumaea  being  thb  day  oorrMted  Jbr  Tarlacion  wil 
ke  i«  in  tbe  Trarerw  Table. 

The  diff.  of  lab  144'.  S,  and  de|NUt(u«4«'.7, 
re  the  true  couiM  S.  17°  W„  aod  tbe  diatum 
>3  mile*. 
e9lat.byolM.4r>  3<N.        Her.ParU..»M 


3.1W. 

■  SW.IB. 
8.S.W.*W. 


DepidS.? 


n»lK.M'Hb  S4m.  r.  BL,  tevnght  on 
lb*  lut  oba.  U  41°  SOf  N.    Tba  mean  time  be 
the  ibip  ti  foond  by  the  NinS  altitude. 

The  diff.  of  lat.  made  good  b«twaen7b.I0iik 


LM.inby>oo.3«  S7Niob*.)8e'Se' H.PUJ5lt 
S>imafla(....8l  40  ^— t- 

HlddblBi..:.«)6»  Her.diftltt.    Itf 

Co.  mid.  lat...  49  10 


'.,  the  lat.  by  lAe.  a 


The  00.  mid.  ktiloA  iSP-lV,  wA'  ihb  Mi. 

dfi*.?,  vHetbedlff.  oflODgitnJeeO'.fi;  or  tie 

17°,  and'tbe  men  diC  of  bu.  IBS',  giva 

__  r.  of  long.  80',  or.... 1°0'W!: 

Vetteiday'i  long,  by  aoc.  ......  13  81  W.l 

t  thai  time  l^dl'  W.,  to  which'add  ibedi" 
«loM^att  M  HMD,  eW.  81'  W.,  UMir  in 
H^rW*  tdll  taa  the  long,  at  Mxio  by  ehnm. 

Ts>Kf  A*  SovriiV  an'.  i>M«>w«  V  ^'"^ ''*■*'<■» 


Uiip  Wf  N.rwheo'W«ghW  werelfket  for  '^J!!',-^J°:^-J^'°'.. 
mdihgtheloiw.bvchron.;  iheupveiheb 


Loi^tDda  k  br  acannt  .,.„'.  U  SI  V. 


4*-*  _  

jKC«fl«atud«,...    8  Sa=3SQr    Bbr.diff.lat..    488.  Diff.  <^Ioiig»ude  ....^    $  »=.iiff 
a.'Aaaruabtaiingtf  F(vM8aDt<iiiS.lQi°W.,  K^iv  W^^V-mi^M  4>e  ^W>^ 


Ship  BRITANNIA  from  Enhland  towards  Madeira.               \ 

H.|K. 
1  '  7 

P. 

4 

Cou.^ 

Wind.. 

"s-eT" 

L«. 

R. 

A   rr 

aaukt,  VftiutaiMj,  June  14,  IW. 

».W. 

It 

•igu^Uii,  uid  nin  it  tinua:  Ultei  putGn 

Gunner  pMaun^  Loe  boau. 

Al  eh-IOm.  P.M.  the  lun'i  axiinutb  bv  ttm- 
paw  wu  N.  5U°  1 8'  W.,  vti  the  nit.  of  iti 
L.  L..  1 1°  W  10",  which,  with  the  1uitu4e 

aff-SO-N^gifethBTsriMion  lS°4rW. 

m 

4 

8.  E.bTE. 

At  4h.  i3m.  A.  H.  tha  obii  diit.  betwem  the 

11 

*  FamalhBiit  ud    y,  nmote  limb  wu 

4 

88°  39"  10",  the  #•«  »lt.  20=  Itf  M",  uid 
«lt.  J't  L.  L.  1 1=  50"  W.  E«i  of  merii. 

4 

nwklDff  the  long.  14°  iff,  which  i.rwuiht 

At  Bh.  Om.  A.  M.  obMrved  h  r»liowi  :- 

TtaMbrChni,           ote..lt.Siui'>I,l. 

«h.om.a4^        87=  5' aw 

S.  W.  i  w. 

S.E.br& 

1      M                    17  40 

10 

6 

which  gtTBi  the  ioDg.  u  Doon  15°  SV  U"  W. 
Ob.,  mer.  di.  ©*.  C.  L.  7«°  25'  tO"S..  whid. 

11 

iir 

7 

rl-" 

Latitude  N. 
*■     Ace.  '  Obi, 

Diff. 

Longitude  W. 

Be«i,««id 
Distance  al  noon. 

Cour»     ™- 

A«. 

S.M-W. 

ISff 

s.  1  w 

SfloSl' Sff-Sff 

w. 

.r. 

Chr.lfi  40 

Porto  Saiilo 
.  8.  91"  W.  230m. 

Theoourw. 
.ponding  diitai 

on,  will  be  M  under. 

Counea. 

Di.^'  N.  I    S.    1    E.    1  W. 

148           133.  M            61.  g 
38            3S.S            20.1 

Difr.Ut.l6S.s|D>p.   85.0 

S.Sff'W. 
8.3S   W. 

Lac.  in  by  uc  96  SI  N.(ab*>36  00  BLPH.3ttt 

S°50'N.  ■       SumofUii. 76  MMJUnlU 

The  lat.  by  ace.  at  4h  23ni.  A.  M.  when  the  J?"*-  ^•■J"^"  ■;■  5?  !2 

dUt.w,.ob«nTed.w»iS7=41'N.andthelong.  Co.  oud.  Ucitude  SI  47 

by  the  lunar  14°  5V  W,,  which,  brought  The  co.  mid.  lat.  61"  47',  and  the  dep.  iSf 
to  noon  by  the  log,  pUco.  the  .hip  in  long,  giro  the  diff.  of  long.  108  m. ;  or  the  ooiine  iT, 
I5°SS' W.  and  the  mer.  diff.  of  lat.  811',  gire  tbedilcf 

long.  107.6  mile.,  or 1°  48' ff. 

Note.  The  .lar  being  too  near  the  meri-        Veiterday*.  long,  bj  ace 14   21  Vf, 

dian  vhen  the  di.uuoe  wu  taken,  the  mean  

time  at  diip  wa.  found  by  the  moon',  altitude.        Longitude  in  by  uoount IS     9  V. 

Tojmd  the  Bmring  and  DUbmet  of  Porto  Santo. 

Iiauof  thipbyob....  3ff°S0'N Mer. Pan....  9380    liong-of diipbyhmar  IS^STW. 

Lat.  of  Porto  Santo  83     3  N Mer.Paru...  31M    Long,  of  Porto  S«ito  19  19  W. 

Diff.  of  ladtude 3  47=827'        Mer.  diff.  lat.    977     Diff.otlongicude 47" 

Hence  tbe  true  couru  to   Porto  Santo  ii  S.9i°W.  or  S.  ]  W.,  the  magnetk  coon* 
S,  8.  W.  \  W.  nearly,  and  the  di.tanue  ^30  mile 


Ship  BRITANNIA  from  Enol  and  .towards  Madbiba.                  | 

a. 

K. 

F.i      C<»iMi. 

Windfc 

Lee- 

Benwrks,  Tbured.y,  June  25, 1835. 

1 
S 

4 

6 

6 
6 

4 

« 

S 

8.W. 

W.S.W. 

8.E.IITE. 

Wwt. 

S.S.E. 
South. 

8.S.W. 

i 

1 

u 

Fint  put  >  frwh  braeie;  middle  and  Utter 

At  7b.  Um.  r.  H.  the  tun  aet  W.  46°  SV  N. 
by  cempua,   which  rlrea  tba  nrUtlMi 
16°  53*  W.  or  li  point. 

At  10h.6in.  P.M.ihe  iner.  dt.  «Aiit>rai,  m  a 
Soorpii,  mi  98°  P  S.,  mekuiD  the  btitude 
35°  57'  N. 

At  »h.  A.  H.  obMTved  ■>  follom  :— 

TIjiifilnCbioa.        OteilLSuAia. 
Slh.58ra,4eit        48^  Iff  45" 
9!      0       8                21   15 
8!      1      34                SI  00 
whidi  give  the  long,  at  noon  16°  Sff  W. 

0I«.  mer.  alt.  0'.  L.  L.  77"  iff  10"  8.  ^veo 
the  lat.  at  noon  35°  45"  51"  N. 

Connc. 

DbL 

^''^-  1  TW 

Lktitude  N. 

Diff.  1     I^'ifi 

Bearing  and 
Diitance  at  noon. 

Aot. 

Obi, 

long.l  Ace. 

Obs. 

S.^W 

S5' 

S.   i  w. 

js'sa' 

B5»46'|  ^'   .IB^Sff 

J    16°  ly 
Chr.16  ao 

Forto  Santo 
S.  8°W.  163m. 

in-iet,  and  far  leeway,  irith  their 


86°S0'...Mer.Pts.S3S0 


I Lat.byacc35  S3N.(ob..)35  46 ™Jtter.Pti.S30l 

Snm^Utitndea 73  36...H.D.L.     79 

Middle  latitude 36  18-  

Co.  middle  latitude...  53  4! 

The  lau  at  mn-set  brought  up  by  the  log  since  la.it  noon,  ii  36°  7'  N.  At  Bh.  A.  M.  tbe 
lat.  by  ace  is  35°  46'  N.,  and  the  long;,  by  chron.  at  thai  time  16°  9  W.,  to  irbich  the  lone. 
made  up  to  noon,  11'  W.,  being  added,  gives  the  long  by  chron.  at  that  time  16°  20*  W. 
The  long,  made  by  chron.  lince  last  noon  is  iff  W. ;  this  being  added  to  the  long,  of  yesterday 
by  the  lunar,  which  was  15°  32'  W.,  gives  the  long,  brought  on  by  chron.  16°  13*  W. 

The  CO.  mid.  lat.  63°  4?,  and  the  dep.  33*.  1,  give  the  diff.  of  long.  4<r;  or  the  course  20°, 
and  the  mer.  diff.  lat.  TO'-,  give  the  diff.  of  long.  43'.  6  W.  t  thii  being  added  to  yesterday's 
long,  by  aoc  16°  9'  W.,  givei  the  long,  by  ace.  this  day,  at  noon,  16"  iSf  W. 
Tojiad  the  Bearing  and  Dulaace  of  Porta  Santo. 

Ut.ofdupbroba...  Se°46'N Her.Para...  2301     Long.of ihipbytnnar...  I6°1S'W. 

Let.  of  Porto  Santo,  r"     ""         ■•      -  -..".     .  -^    .    -.     .         .~   .«  «» 


TTie  courses  corrected  for  variai 
tocTecpondiag  diiiances,  will  be  a« 

ZC. 

^Z.     P'"' 

N. 

8.      £. 

■w. 

SS.W.iW. 
8.W.byW. 

wit. 

62 
15 
27 
23 

45.9: 
8.3, 
3.636.9 

34.5 
13.6 

32.0 

Diff.  Ut. 56. 836.9 

69^ 
26.9, 

1  L. 

32.1 

8  N Mer.  Farts...  3103    Long,  of  Porto  Santo  ...  16   19  W. 

UiKofhlitude 3  43  =  163'    Mer.diff.lau   198    Diff. of longimde 7 

Hence  Uie  true  bearing  is  8.  2°  W.  or  S.  ^  W.  nearly,  and  the  distanoa  16S  toilet.    The 
course  by  compaia  is  therefore  S.  13°  W.  or  S.  i'y  Vf.  |  W.  nearly. 


8nr  BRITANNIA  famSnguolcnnirdi  «■■>«>•.               | 

H.   I. 

F. 

COBNM. 

Wi>dfc 

SMHitei,  Fridiv.  J»»  M.  laa- 

1    * 

9  1  a 

13  1  6 

6 

i 

e 
e 

4 

8.W.b7W. 

Souh. 
8.8.E. 

S-byE. 

SMt. 

B.N.E. 
N.E.brE. 

n 

P.  M.  bent  the  beM  bower  ud  ibeM  caUw, 
>n4  unitowel  the  widion.    Pe«pb  otlur- 

■ii4in>undi7KniUJat)i. 

At  8h.  P.  M.  the  >]L  «f  tb*  Pobr  Sur  «m 
UOtf,  vhidi gtvw the ht. 8S° Sg*  N. 

At  lb.  aOnk  A.  H.  tb*  «MiUl«<  alL  «r  the  • 
B  Aquila  oc  Altklr,  wia  or  Sy  S^  onki^ 
tli«bLU°69N. 

At  ah.  A.  H.  obtttved  m  foOowi  :— 

Mh.    ha.SO«.        «r4ir  4fi* 
S     «8                 48  90 
4       7                 B5   45 

which  gire  long,  at  noon  l>°  W  15*  W. 
ObL  n> V.  >lt.  Snn'i  L.  L.  70°  16' 15"  S.  Biw 
the  hi.  M  noon  3S°  6ff  S"  N. 

Variition  It  point  Wst. 

Coune. 

DIM. 

Dur. 

Ut. 

Dq^ 

z. 

Longitude  W.     |         Bearing  mud       \ 

Ace. 

Obi.        1    Wituloe  Bt  noon. 

S.«I"J1 

L  nv 

8. 

E. 

84°  tf 

sr«r  '^3: 

IVV 

Chr,1S''80'      8.W.iS.7Sni. 

— TS3 — 

Caanet. 

Dist 

N.  1    8. 

E. 

W. 

TTeet. 

B.  W.  i  W. 

Wit" 

10 

io 

18 

9B 

Biff 

U.7 

17.2 

75.7 

s.t 

S9.3 

10.0 
IS.  6 

IM. 

105.867.* 

If!:! 

r>ep.*l,» 

iS.S 

Lat.  brM(i...S4    0  N.(Dbi.»3  58  M.Pti.  IW 


imp.  of  I 

leil^Saiid  tbemer.  diff.  oT  Ut.  1.14',  giVe  the  diff.  of  lo^ltiule  <2.9  nuleJ 
Yett«rd>y'*  lofig.  by  Mc...  16°S3' W.        Veit.  long,  bv  lunu,  btonglit  on  16°  12*^ 


Diff.  of  long,  by 
Iioof^tnde  In  by 


Moonnt ...  16    0  W. 


Diff.  of  long,  by  chronometer 90  E. 

Long.iQbylunu-bniu^tonby)  i  g  «  ^ 


Ttjbul  A*  B»ari»g  and  Diikmce  nf  Ptrta  SmM. 

UkortUpbroU...  aVMfV Mer.ParU...  S167     Long,  of  ihip  by  Inii4r  15°2rW. 

Ut.<tfPoTtoSM*o...  88    3N Her.  Pith  ...  SIOS    Long,  of  Furt«SMiUi  18  19  W. 

Diff.ofUtitude  .13  .Mer.  diff.Ut.      64    Diff. of knudtude 57 

Bence  the  true  beering  ia  S.  W.  4  S.,  uid  the  ditiaoce  7S  mils*.    The  ooune  by  cnDHM 
la  therefore  S.  W.  by  W.  {  W. 


b,  Google 


8bip  BRITANNIA  from  Enoland  towarOs  HadiIba.               | 

a  1 

Omuim. 

Wtedi. 

Le*. 

S<a»A>,  6*tDr<>7.  imM  37.  IBU. 

19 
11 
1) 

Lytar** 
W.S.W. 

W.brS. 

N.  B. 

B.N.B. 
Eart. 

P.  M.  bent  the  null  bower  aSU,  mad  m- 

8«w  th« land  hMibig&V.  19T & 

Porto  Suito  W.  S.  W.  about  <  lawoM. 
tbsmut. 

At  dajlight  made  aalL 

Porto  SuitoN.W.byN.  I>Mertrat  S. W.  b]t  8. 
EwtmdofMadiirmW.byS. 

with  Ab  bMt  boww,  tn  S»  fatbomii  mnd 
and  land  |  off  >bore  1  of  •  lulla :    Loo 
Caille  beaHDK  N.  N.  W.,  and  Fon  Uraiao 
E.N.E. 

Coom 

».     EMM. 

Dur. 

Ub 

Dep. 

[iwda  W. 

Bearing  and 
DiMance  at  noon. 

fang.    A<«. 

Ob.. 



> 

Chr. 

■iiwof  Forto 

«duianoei rn    . 

mns  TaUa,  will  gite  the  djff.  cf 


Tba  taanm  tIMnd  from  noon  to  9h.  F.  H.,  and  the  be 
at  that  tiiiw,  oomoMd&r  llpoiDt  WenTBria^oDt  alaot 
diatuua  of  the  lUp  from  Ibe  land,  betag  oitared  in  ■  Tr 
latitude  SS*.  4,  and  the  departun  SS*.  9. 

Fnm  henoe  the  latitnile  of  Fono  Santo,  by  the  ibip'*  reckontng,  ii  found  tolw  XT  1'  Ni 
and  Os  loDginule,  carried  en  by  (duonomeler  fran  tba  Ian  huiar  abeaTradoD,  IfP  IfTW.; 
UMng  i  milBi  In  latltade,  and  0  nailea  In  loiwitnde,  from  its  poaition,  as  laid  down  in 
TahlaCVI.  —a  r— 

Tba  ahii 
■ontdiogU 


b,  Google 


1 

1 

1 
» 

1 
1 

1 

s 

0 

1 

1 
i 

1 

2 

i 

i 

gd 

■s 
E 

1 
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OS 

i 

1 

1 

s 
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a?  ^ 

%  '2 

J     J 

1     1 
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&■ 
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1 
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Hi 
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'3 
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S 
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1 
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i 

! 

! 

1 
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I 

1 

1 

i 
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D,s.i,:.db,  Google 


^  A  KAVY  LOC. 


H. 

K. 

'■ 

Counou     j      mnd>. 

w«y 

Sign^ 

Monday,  April  6,  IBU. 

3 
9 
2 
3 
3 
S 
4 

s 
s 

0 

4 
9 

N.W. 

W.  N.  W. 
N.byW. 

N.  N.  E. 

North. 

Vwbble. 
[UgbtAln. 

4 
i 

A.M. 

Fint  uid  middle  uru  light 
variable  windi,  and  cloudy  wea- 
ther; iMUr  pan  mederale  aod 
fair. 

A.  H.  itayed  the  maala.  wi 
the  rising  up,  and  rattled   it 
down  fore  and  aft. 

4 

4 

E.  N.  E. 

Wen. 

At  nooD  a  »lnm«  lail  in  light, 
bearing  N.W.bjrV. 

Variation  9  Polnu  Weat. 

1 

Km 

Latitude. 

ByD.R 

By  Obi. 

By  D.  R. 

ByChr. 

ByL.Ob> 

arWoon. 

N-JS"  W.| 

ST 

48=W'N 

48"  W  N. 

9°4'W. 

aoiyw 

'^"'"■iN.B.byB.lOlm.  | 

1 

6 

E.byN. 

Vfeti. 

P.M. 

t 
6 
9 

4 
4 

E-byS. 

W.N.W. 

Al4h.  P.  M.  ■  impiciouB  look- 
ing veuel  in  >igh^  right  a-head. 
Hldeallpo.n^e^llndi.H)of 
her:   then  mutered  the  ihip** 
oompany  to  their  quarten,  and 

10 

4 

At  midnight  ipoke  the  duue. 
She  prored  to  be  a  Spaiuah  brig 
from   Teneriffa,   bound  to  Co- 

tl 

9 

C 

H. 

F. 

■Dane*. 

Wiodi. 

-"• 

Sip»l.. 

Remariu,aLC 
Tue>day,AprU7.  1885. 

4 
4 
4 
9 

9 

E.bjS. 

W.N.W. 

A.M. 

Pint   part    moderate    breeze, 

and  «mooih  water  j   middle  and 

lalter,  light  variable  aira,  with 

driwiing  rain. 

S 
9 

Ban. 

N.W. 

Ezerdaed  gnat  guni  aod  amaU 

VerUble. 

Variation  9  Point.  We.t. 

&-~     1 

Kit 

Latitude. 

Bearing  and  Diit. 

ByD.R. 

ByObt. 

By  D.  R.]ByChr. 

ByL.Obi. 

N. 

ni'E. 

llff   4ff>6S'N 

4(r='55'N. 

8°94'  w.js^ayw. 

ff'40'W. 

Umrd. 
N.43°B.  86m. 

I  EAST   IMDtA  JOURNAL. 


Ship- 

u. 

COOBM. 

K. 

F. 

Wilull,&B. 

Ue. 

Frfd.r.  Angnn  U»  1835. 

&w. 

S.S.E. 

1 

4 

> 

A.  BI.  luvad  the  mMU,  ud  M 

f 

4 
« 

W.8.W. 

a-byB. 

ff 

9 

L>acad>  obierred  9°  0*  N. 

10 

IJ 

DM.p,r\^. 

4s 

nT 

llInch»inthBW 

■317 

1S^ 

^£^. 

^^ 

{s?.s,-{sr.! 

■5= 

{E?»i'*i'{i<.»-ii'w.l'»  {KirW 

^ 

■nUrtM  |S.of>c 

i^rw 

aibcMI      Buom-ie.i 

wtm-JW-        ! 

H. 

Counsi. 

K. 

F. 

Windi,  &c. 

l;^ 

^ 

Saturday,  AuguiC  15,  ISU. 

1 

S.W. 

"^ 

&S.E. 

1 

A  tceady  brone,  anri  Siie  w«ith» 

W.S.W. 

4 

8.W. 

i 

dM  ffMU  guiu  and  •>»1I  amu. 

0 

LoDgitnda  per  Sun  and  ■«»  U 

4 

1  Ul  A.  M.,  ar  tf  w.  of  OiMDwii*. 

a 

10 

6 

1» 

8 

3 

W.S.W. 

S 
6 

Soallu 

1 

Utitode  obaarrei  O"  fir  N. 

10 

6 

4 

A  iBDng  ut  to  tlie  waatvard. 

S  8.W. 

4 

S.E. 
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EXPLANATION    AND    USE 

OF 

THE   TABLES. 

TABLES  I.  AND  U. 

Difference  tf  Latitude  and  Departure  Jitr  PoMt  and  Degree*. 

THESE  Tables  are  of  my  extenstre  use  in  NaviKadon,  affording  an  tasj 
and  expeditious  method  of  solring  all  problems  in  rignt-angled  plane  trisonoa 
metrr,  and  consequently  applicable  to  the  vvions  sailings,  but  particiSorly 
naefbl  in  working  a  traTeree,  whence  tbey  obtain  the  name  of  Traverte  Table*. 

Table  I.  contains  the  difference  of  latitude  and  departure  (tn  whole  noinben 
sod  tenths^,  answering  to  distances  not  exceeding  3w,  and  for  courses  to  every 
aoBTter  point  of  the  compass.  Table  II.  is  of  the  same  nature  and  extent;  bnt 
tot  oonnea  oensisting  of  whole  d^reea.  The  courses  are  set  down  at  the  top 
of  the  pages  when  thej  do  not  exceed  4  points  or  45  degrees,  and  «t  the 
bottom  when  they  are  greater  than  these  qoantitiea :  the  distances  are  r»ularly 
airaaged  in  the  columns  marked  DUl. ;  the  first  banning  at  1,  and  ending  at 
OR;  the  second  bc^nninK  at  61,  and  ending  at  I^,  and  so  on  to  300:  corrfr- 
■ponding  to  each  of  these  distances,  the  difference  of  latitude  and  departure  are 
set  domi  in  adjoining  columns,  marked  Lai.  and  Dep. :  but  it  must  be  care- 
folly  otMerred,  that  when  the  course  is  lees  than  4  points,  or  45  degreea,  these 
nvit  be  taken  out  as  marked  at  the  top,  and  when  more,  as  noted  at  the  b(tt- 
torn  of  the  pages. 

Now,  the  mfference  of  latrtade  and  departure,  answering  to  anr  given 
coarse  and  distance,  being  fiiund  opposite  the  distance  in  that  page  of  tne  table 
which  lyr^f"'"  the  course ;  if,  therefore,  any  two  of  the  four  parts,  vix.  the ' 
EDDtse,  distance,  difference  of  latitude,  and  departure,  be  ^ven,  and  those  two 
be  fbond  together  in  the  tables,  the  other  two  parts  will  be  found  in  their/ 
nsuecUTe  places  on  the  same  page.  In  like  manner,  the  parts  of  any  ruht- 
angled  plane  triangle  may  be  found  (provided  two  of  them,  exclusive  oftbe 
ij^t  a^e,  be  given),  by  taking  out  the  hypothenuse  as  a  Diitance,  the  per- 
pendicn£i  in  a  Lot.  column,  the  base  in  the  Vep.  column,  and  the  angle  oppo- 
site to  it  as  a  eoutse.  Hence,  when  these  tables  are  applied  In  parallel  or  middle 
Ittitnde  aailins,  the  ca  lat.  or  co.  mid.  lat.  is  taken  as  a  course,  the  departure 
It  meridional  distance  is  found  in  the  Dep.  column,  and  the  difference  ot  longi- 
tade  in  the  Ditl.  column :  in  Mercator's  sailing,  the  meridional  difference  of 
latitade  is  taken  out  in  the  Lat.  column,  and  diffbrenoe  of  longitude  in  the 
tJtp.  column. 

When  any  of  the  given  parts  (excepting  the  oonrae,  which  ia  never  to  be 
mnltiplied  or  divided)  exceed  the  liinits  of  tto  table,  any  aliquot  mrt,  aa  a  half, 
^Urd,  fourth,  &e,  is  to  be  taken ;  and  those  fbuad  corresponding  are  to  be 
wubled,  trebled,  &c,  that  ia,  multiplied  by  the  same  figure  that  the  given 
nomber  ia  divided  by. 


U.  EXPLANATION  OF  THS  TASf-ES. 

TABLE  III. 

Meridional  Partt. 

This  Uble  11  used  in  reaoMng  problems  hj  MenaXot't  sailing,  and  in  coo- 
stnictiiig  charts  on  Klercator's  projection.  The  neridiooalpertaaretobetakai 
out  for  the  d^rees  answering  to  the  giren  latitude  at  the  top  or  bottom,  and 
for  the  minutea  at  either  side  column.  I'hua,  the  meridiomal  parta  oorrcapood- 
ing  to  the  latitude  49°  57'  are  3470. 

TABLE  III-. 
To  correct  the  mean  Refraction. 

The  refractions  contained  in  Table  IV.  being  adapted  to  a  mean  state  of  the 
attnosphere,  that  is,  when  the  thermometer  stands  at  60°,  and  the  barameter  at 
S)9.  6  inches,  if  it  deriate  from  this  weight  and  temperature,  and  accnracf  be 
required,  it  will  be  necessary,  especiallv  in  low  altitudes,  to  correct  the  mesB 
refraction  by  the  seconds  containea  in  this  table,  which  are  to  be  token  out  with 
the  apparent  altitude  in  the  side  column,  end  the  heights  of  the  thermometer 
and  butnneter  at  the  top  and  bottom,  to  be  added  or  subtracted  aa  expressedst 
the  top  or  bottom  of  the  respectire  columns. 

£xAKFi.B.  Let  the  apparent  altitude  be  5°,  the  height  of  the  tbermometo  74', 
and  that  of  the  barometer  30. 0  inches :  required  the  true  refraction. 

Mmh  refraction  by  Table  IV.  to  5°  Bldcudo  V    S4' 

CsnvctioD  for  altitade  S°,  and  li"  heifthl  of  (htiminaateT...   —  Kf  \  -. 

Ditto      Air  aliitnda  S°,  and  80. 0  halgbi  of  banoMtar  ..,+    «)'         ^ 

True  refranioD  required    9      SO 

TABLE  IV. 
Mean  Refraction. 

This  table  contains  the  refraction  of  the  heavenly  bodies,  in  minutes  snd 
seconds,  at  a  mean  state  of  the  atmosphere,  and  correnxmding  to  their  apparent 
altitudea.  This  correction  ia  always  to  be  subtracted  from  the  apparent  slti- 
tude  of  the  object.  Example.  The  mean  refraction  iat  the  apparant  altitndt 
10°  SC,  is  4'  51". 

TABLE  V. 
Deprettton,  or  Dip  of  Ike  Horixon. 

This  correction  arises  from  the  elevation  of  the  obserrer  abore  the  snrface  sf 
the  sea,  whereby  the  risible  horison,  or  that  seen  by  the  obserw,  is  below  tba 
true ;  and,  consequently,  attitudes  taken  with  the  quadrant  are  too  great  by  a 
quantity  to  be  taken  out  from  this  table,  oppoeite  the  height  of  the  obaerrer's 

Se  in  reet,  and  to  be  aubtracted  bom  altitudea  taken  by  a  fore  obBervtttion,  but 
ded  to  those  taken  by  a  back  one.     Example.  The  dip  for  20  feet  is  4'  17"- 

TABLE  VI. 

The  Svn't  Parallax  in  Attitude. 

This  oorrection  is  to  be  taken  out  opposite  the  sun's  altitnde,  and  ia  alwafi 

additire-     Example.  The  sun's  parallax  corresponding  to  50°  of  altitsde,  is  G". 


sxtimLMation  or  tuk  tablu. 


TABLE  VII. 

The  Moon's  Augntenlaivm. 


The  moon's  apparent  horiiontal  lemidiameteT,  u  given  In  tlie  Nautical 
Almanac,  is  to  be  increaMd  bj  a  nomber  of  seconds,  called  the  augmentation, 
taken  out  &om  this  table,  answering  nearest  to  bis  altitude,  in  order  to  give 
tlie  biie  apparent  semidiameter. 

TABLE  VIIL 

Dip  of  the  Sea  at  different  Ditlancetjrom  tie  Ohterver. 

When  that  part  of  the  horizon  immediately  under  the  sun  is  obstructed  by 
land,  and  the  obserrer  is  nearer  the  shore  than  fire  or  six  miles,  then,  if  the 
object  be  brought  down  to  the  line  separating  the  sea  and  land,  the  dip  will 
exceed  that  shewn  in  Table  V.,  which  is  calculated  for  an  open  and  unobstracted 
horicon,  and  will  increase  as  the  distance  from  the  land  diminishes.  In  this 
cue,  the.  dip  ia  to  be  taken  from  the  present  table,  with  the  height  of  the  eye 
at  the  top,  and  the  distance  estiniatea  in  miles  in  the  side  column. 

TABLE  IX. 

To  correct  the  obierved  Altitude  of  the  Suh'*  lower  limh. 

This  table  is  intended  to  simplify  the  usual  method  of  correcting  the  obeerred 
ftltitude  of  the  sun's  lower  limb,  when  taken  by  a  fore  observation,  by  shewing 
the  correction  at  once  for  the  joint  effect  of  the  sun's  semidiameter,  dip  of  the 
horiMn,  refractiim,  and  parulax  ;  and  as  it  does  not  extend  to  altitudes  lees 
than  6°,  the  least  altitude  at  which  observations  can  be  depended  on  for  their 
accuracy,  the  corrections  are  always  additive  to  the  observed  altitude  of  the  sun's 
Wer  bmb.  These  corrections  being  computed  to  minutes  and  tenths,  the 
tenths  may  easily  be  reduced  to  seconds  by  multiplying  them  by  six.  -  In  this 
taUe  the  ion's  semidiameter  is  assumed  at  16  minutes,  and  its  variation  from 


that  quantity  in  each  month  of  the  year,  given  at  the  bottom  of  the  table,  is  to 
be  added  to,  or  subtracted  from,  the  correction  found  in  the  table,  according  as 
"e  sign  +  or  —  is  prefixed  to  it.* 
The  simplicity  of  this  table  will  appear  sufficiently  obvious  in  the  following 


ExamflbI.  Suroose  the  observed  altitude  of  the  sun's  lowerlimb,  by  afore 
oherration,  to  be  #>  57'  30",  in  the  month  of  May,  and  the  height  of  the 
eye  90  feet :  required  the  true  altitude  of  the  sun's  centre. 

ObMrred  alUlude  of  the  lun'i  lower  limb iV  51'  30" 

CoTTMSion  to  altitude  S0°,  and  dip  to  fnt IV.  9 

Ditto      foTTBriatian  of  aun'i  leiDidiBnieier  ia  Ms;  ...— O.S 

10.7  =  +     10  42 

Trua  altitude  of  Che  nui'i  eantre SO      8   19 

*  TU«  ad>la  VM  mmpBiad  by  Mr.  W.  Oalbraitb.  Teacdier  of  HatbeuuUc*,  U  Bdfaibiu^, 
wha  kind^  pcmenled  it  M  llie  Author  for  iaiertion  ia  the  pmnit  Work. 


'  A8 

Cioogic 


■r.  Bxn.Aiixriov  of  tkb  ZAnu. 

EzuiplbII.  LtttbfloburTBdaltiudei/ tbsfoo'sknrarUNA.takeBiadK 

"  tiMMtkaf  F^nur;,  b»19°3a'15',aiidtliehei^oftlie«]r«14fBet:  Kqaini 
Ae  tm*  Klritada  it  the  sob's  omm 

ObMTTad  ■ItlMd*  at  Um  ran**  low  limb ir  ST  IS" 

Corractioo  U  altitiid*  ir  Stf  and  dip  U  bat ff.S 

Ditto     fiu'  TarlatJon  of  •tm'*  nmiuuMMr  in  Fabiuaiy-f-0 . 9 

"8T4=+      8   S4 
Trua  altitude  of  tlMRiD-iMntn IS    40  39 


TABLE  X. 

Sun'i  Declination. 

The  bud's  deoUnation  is  given  in  Uiis  table  in  daoraw  aai  oriBBtM  tor  tke 
yean  1834,  1835,  1836,  and  1837.  at  noon  on  Mdli  &T  *^  tlw  ^Mt  vndv  ih 
Meridian  of  Greenwich ;  but  will  answer  fur  several  suneqaant  j^mi^irj  Kgiftf- 
ing  the  oorrections  &om  Table  XII.  The  Uble  is  to  be  catered  wiiii  the  fir 
sod  month  at  the  h^,  and  the  da^  in  either  aide  colmnn ;  at  the  aaaM  tine  tit 
to  be  noted  whether  the  declinatiMi  be  North  or  Sooth,  as  «zpi«Med  in  asA 
oolomn. 

TABLE  XL 

To  correct  the  Sun's  DecHnalioH. 

As  the  ann's  declination  in  Table  X.  is  adapted  to  the  meridian  oFOnoi- 
vich,  when  the  ship  is  oonstderably  to  tfae  eastward  or  westward  of  &tt 
meridian,  it  should  be  corrected  by  a  number  of  minutes  taken  from  this  Tsbk 
(placed  at  the  bottom  of  the  first  and  second  pages  of  Table  X.)  witli  the  dedi- 
nation  at  the  top,  and  the  nearest  longitude  in  the  side  columns,  to  Ik  added  at 
■abtracted,  as  directed  at  the  head  of  the  table. 

ExAHFLK.  Required  the  sun's  declination  at  nooa  on  Septenber  18d^ 
1835,  in  longituda  108^  West. 

Sun'i  dsdinslion,  from  Tabla  X.  (deertadag)  _.    >"  4'  North. 

Correction  tor  loogltade  108°,  Tabli  XI.,  to  be  lubtTBDlsd —  7 

StiD'stmedecliiuition.... 1  67  Nonh. 

TABLE  XII. 

This  table  is  intended  to  correct  the  huu'd  decIinatioD  giren  in  Table  X.iv 
t!ie  cbange  that  takes  place  in  periods  of  four  yean.  The  table  Ib  to  be  enterad 
with  the  period  of  yean  in  either  of  the  aide  columns,  and  the  month  sod 
'nearest  day  at  the  top ;  the  minutes  of  correction  there  ibund,  are  to  be  addtd 
■to,  or  subtracted  from,  the  declination  taken  from  Table  X.,  answering  to  its 
number  of  years,  reckoning  In  periods  of  four  years,  prior  to  that  of  the  ^v€ii 
year,  as  denoted  at  the  head  of  the  colimin ;  that  n,  the  correction  is  to  be 
added  when  the  declination  is  increasing,  or  subtracted  when  decreasing. 

ExAHPLX.  Required  the  sun's  declination  at  noon,  on  February  ]9tfa,  180, 
■t  the  meridian  of  Greenwich. 

The  rear  1849  being  a  period  of  12  years  after  ie37>  find  the  deoUnation  in 
Tabic  X.  fur  the  given  day  in  the  year  1837,  wbieliisJl°  14' 8.;  tlMCaUr 
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■ZrLAMATMN  OK  THS  TAlt.U.  T. 

lUikXII  o^trtlM  month  vfFMirMTy';  opposite  the  perlfid  of  19  7aan,kad 
■nderdie  ISthisjof  thenMitli,wiUbefiMiiiatbeoarTection9',  irtticli  ia  t»  be 
MibtnKted  from  the  sbore  dedimtirai  11°  14'  8.,  uid  the  remtinder  11<^  13'  & 
wfll  Im  the  je^»ired  dediamtioB. 

TABLBXUL 

The  right  AtcentioHt  and  Dtt&iudioni  ^  tke  principat  Fixed  Sbtr^. 

This  table  esnUuu  the  mean  ri^t  asoeBBmu  and  dedinatiom  of  61  of  the 
principal  stars,  oompnted  for  the  h^inning  of  the  year  1834,  with  their  animal 
ntriations  in  seconds  and  decimal  parts  of  a  second.  If  their  places  are  required 
{ut  anr  time  auhsequent  to  the  year  1834,  the  annual  ranation  both  in  right 
ncension  and  declination  must  be  multiplied  by  the  nnmber  of  years  and  parts 
of  a  year  elapaed  since  that  time,  and  the  product  will  be  the  variation  from  the 
begiwnig  of  1834  to  the  pjoa  time.  This  TsriatMHi  mnt  always  he  swlded  to 
die  right  Btiv^"'™"  Cor  1834 ;  but  the  Tariatim  in  declination  is  additive  or 
sabtractire  accenliBg  as  the  sign  +  or  —  is  prefixed  to  the  annual  variation ; 
then  the  >iim  or  remainder  will  iw  the  right  asoraaion  and  declination  fi>r  sufc- 
Mquent  yean.  But  if  the  place  of  a  star  be  required  for  any  time  preceding 
1^,  the  Tariation  is  right  ascensHm  must  be  subtracted  from  that  in  the 
table,  and    the   rariatian  in  debUnation  applied  contrary  to  the  sign  set 


Prom  the  beginnfa^  of  1834  to  June  1B&  there  are  about  6^  years. 
Rigbt  MotnrfoD  €i  ArMonu  (In  ttau])  fbr  Juinuy,  ISM m.     I41i.  8m.  8*. 


Blgfat  ttaniaii  of  Arctmrru  for  June  IS4>  .. 


DseHnadon  of  ArMonufiv  Jang  1843. 10     0    91  N. 


TABLE  XIV. 

TAc  &m'«  aMBii  right  Atcauiim. 

The  sun's  mean  right  asoension,  contained  in  this  taUe,  is  to  be  taken  o«t 
with  the  month  at  the  top,  and  the  day  in  either  ude  adumna.  It  la  suffidentlf 
exact  for  ascertaining  the  time  of  an  oligect's  passing  the  meridian,  in  order  to 
obtain  the  ladtude  liy  its  meridian  altitude ;  but  when  greater  aceura^  ia 
necessary,  recourse  must  be  had  to  the  Nautical  Ahnanoc 


*  Ttts  StWi  hi  Avwraral  OonUBMloiu  Iwhig  uiadlf  dari^ntod  by  Greek  diaruten, 
«s  hsre  ^a  die  i^hkbn,  with  t)w  nBDM  of  &e  letten. 

a  Alpha.  4  EpsUoD.       i   Iota.  r  Nn.  f  Rlia  *  Phi. 

a  n«.  h  zou.  .  K.p|ia.         f  Xi.  r  Sigma.  x  CbL 

Eta.  \  Lambda.       o  Omioron.      t  Tau.  i^  PA 


,  ^.ooglc 


■n.  EXPLAMATWM  OF  THK  TASUtt. 

TABLE  XV. 

For  comcrii^  Ihe  obitroed  AUH%de  i^ejixtd  Star,  ioJtMd  the  Ine  AUibutt. 

Thia  uMe  contains  the  correction  in  minntca  and  tenths  to  be  mbtracted 
tntn  the  obaerred  altitnde  of  a  «tsr,  in  order  to  obtain  its  true  altitude ;  bcng 
the  joint  effect  of  refraction  and  dip  of  the  horiacsi. 

ExAHFLB.  Required  the  true  altitnde  of  a  star,  whoee  ohaeired  altitude  ii 
90P3(yi  the  height  of  the  obMTver'B  eye  being  24  feet. 

eWi  obumd  ihituda  - aV  VI'     V 

CorractioD  oppctiM  to  >]iiiai)e  tV,  Mid  under  Si  feet,  7'>S=     —      7    IS 


Su^t  tiue  altitude  .. 


TABLE  XVI. 

For  rtdMcmg  the  Time  cfOie  Moon'*  Pottage  over  the  Meridian  tf  Gretnmkk, 

to  the  Time  of  iU  Pottage  over  antf  other  Meridian. 

The  daily  variation  of  the  moon's  passing  the  meridian  is  the  excess  of  dme 
above  24  houra  that  elapses  till  her  return  to  the  same ;  and  this  is  found  l^ 
taking  the  difference  between  her  psssing  the  meridian  of  Greenwich  on  a  pyat 
Amj  (from  Page  IV.  of  the  month  m  the  Nautical  Almanac)  and  the  precMine, 
if  the  longitude  of  the  place  be  east,  or  that  and  the  foUowing,  if  the  longi- 
tude be  west. 

Now  as  the  moon  is  constantly  advancing  to  the  eastward  in  the  hettrens,  ahe 
will  therefore  pass  any  meridian  to  the  eastward  of  Greenwich  sooner  in  the  iij, 
or  a  meridian  to  the  westward  later,  than  she  does  that  of  Greenwich,  by  a  oa- 
tain  number  of  minutes,  which  is  to  the  daily  variation  as  the  given  longitade 
of  the  place  is  to  360° ;  and  on  this  principle  the  table  is  constructed. 

The  table  is  to  be  entered  with  the  daily  variation  to  the  nearest  minutest 
the  top,  and  the  longitude  of  the  place  m  the  left  side  column ;  then  tbe 
minutes  corresponding  to  these  being  added  to  the  time  of  the  moon's  pauii^ 
the  meridian  ot  Greenwich,  if  tbe  longitudebe  west,  or  subtracted  if  east,  tbe 
■um  or  remainder  will  be  the  time  of  her  passing  the  meridian  of  the  place  is 
mean  time. 

ExAUPLB.  At  what  time  will  the  moon  pass  the  meridian  of  Calcutta,  is 
longitude  88=  28'  E.,  on  July  6th,  1835  > 


on'*  paMlng  thg  merldisa  of  Csleuua,  Julj  8(h  .. 


TABLE  XVI.* 
For_finding  the  Time  of  High  ffaler. 
Thistableis  to  be  entered  with  the  moon's  Bemidiameter,(talEen  from  PageIII< 
of  the  month  in  the  Nautical  Almanac)  or  the  nearest  to  it,  at  the  top,  imd  tht 
timeof  the  moon's  passage  over  the  meridian,  inoneof  the  columns  so  titled:  Hu 
correction  thus  found,  which  is  the  effect  of  the  sun's  action,  in  acceleratios  U 
retarding  the  time  of  high  water  produced  by  the  attraction  of  the  moon,  u  U 
be  applied  to  the  time  of  the  moon's  passage  over  tbe  meridian,  according  ss  tbe 
sign  ■+  ac  —  is  prefixed  to  it. 


b,  Google 


EXPLANATION  OC  TH£  TABLES.  TH 

TABLE  XVII. 

For^ndiag  the  Latitude  kg  an  Altitude  of  the  Polar  Star. 

This  table  is  to  be  eatend  with  the  right  ascensioD  of  the  meridiui  at  the 
time  of  obserration  ;  the  correction  corresponding  to  which  being  added  to,  or 
subtracted  from,  the  true  aldtade  of  the  PcJar  Star,  ai  denoted  &r  the  aign  + 
or  — ,  the  sum  or  remainder  will  give  the  latitude  of  the  place  of  obserration, 
which  is  always  North, 

The  table  ie  calcnUted  j^icularlj  for  the  years  1635  and  1845,  but  will 
serre  with  tolerable  accuracy  for  sereral  subeeqaeat  years ;  the  corrections  mar, 
bowerer,  be  found  for  any  otho"  year,  as  followB :  first  reducing  the  right 
aieencion  and  declination  ot  the  star,  taken  from  Table  XIII.,  to  the  given  year. 

Find  the  difference  between  the  right  ascension  of  the  meridian  and  the  star's 
right  ascension :  if  the  difl^erence  be  more  than  6  hoars,  and  less  than  13  hours, 
gobtract  it  from  12  hours  ;  if  it  be  more  than  12  hours,  and  less  than  18  hours, 
nbtract  12  hours  from  it ;  if  more  than  18  hours,  subtract  it  from  24  honia ; 
ind  the  remainder,  in  each  case,  will  be  the  star's  distance  {rom  the  meridian 
in  time,  which  reduce  to  degrees  by  Table  XIX.  Find  the  number  of  degrees 
St  the  top  or  bottom  of  Table  II.,  as  if  it  were  a  course,  and  the  complement  of 
the  declination,  in  minutes,  as  a  distance :  corresponding  to  these,  in  the  differ- 
ence of  latitude  column,  will  be  the  correction  reqairea  in  minutes ;  this  cor- 
rection added  to  the  star'a  true  altitude,  if  the  difference  between  the  star's 
right  ascension  and  the  right  ascension  of  the  meridian  be  more  thsn  6  hours, 
and  leas  than  18  hours,  or  otherwise  subtracted,  the  result  will  be  the  latitude 
of  the  place  of  obserration. 

Example.  May  21,  1850,  if  the  true  altitude  of  the  Polar  Star  be  50°  13'  at 
lOh.  15m.  apparent  time  past  noon,  what  will  be  the  latitude  of  the  place  of 
obserration  ? 

The  right  ascension  of  the  Polar  Star,  in  May,  1850,  will  be  Ih.  4m.  5fis., 
and  the  ^lination  68^3(>'45"N. ;  consequently  ^e  complement  of  the  decli- 
nation lo  29'l&",otS9  minutes. 

The  lun't  right  aKeniion,  Usy  31,  (Table  X1V.)+  Sb.Slm. 

The  time  of  Dburrsiion 10    IS 


Right  Bsceniian  of  the  meridiui...h 
Ri^t  asceosiOD  at  the  Polar  Star  .. 


Subtnct .'. IS      0 

Polar  Star's  distance  from  the  meridian  „..,       ]      1=15^*'. 

which  taken  as  a  course  ia  Table  II.,  and  the  co,  declination  81^  as  a  distance, 
gre  in  the  lat.  column  86  minutes,  or  ]°26',  the  correction,  to  be  added  to 
oO°  13',  the  star's  true  altitude,  because  the  above  difference  is  between  6  and 
18  hours :  hence  the  latitude  will  be  51°  39'  N. 

TABLE  XVII.* 

Table  XVII.  being  constructed  on  the  principles  of  Plane  Trigonometry,  the 

latitude  found  by  it  requires  a  correction,  especially  in  high  ktitudes,  to  be 

taken  from  this  table,  with  the  approximate  latitude  at  the  top,  and  the  right 

■*ansion  of  the  meridian  in  either  side  column.     The  corresponding  minutes 

t  Ths  nm'i  light  SKcnnon  will  be  mora  correctly  taken  from  the  Nsatloal  Ahnanaa 


yfti.  KKFLAHATION  OP  TH>  TABLIt. 

•ad  tcBthi  wn  ahrmj»  to  be  addad  u  the  lypnxiiute  Utttade  dedsced  bm 
the  praeeding  table. 

TABLE  XVIII. 
CerttotiomM  ofUnt  apfontU  AUitmit*  rftkt  Srnn  ami  SUn. 
TUi  table  ttutaim  tbe  oomctian  to  be  applM  to  the  querent  idlitsdt  if 
the  ma  or  a  atar,  In  order  to  obtain  the  trae  ahitod^  and  ia  alao  naed  ii 
dearing  dutancce  from  the  eSect  of  re&action  and  parallax;  tbe  nin'*  twice: 
tion  b«nng  tin  refractioo  in  altitude  diminished  \>f  parallax,  and  the  atar't  cor- 
recllm  its  refraction  onlj ;  thou  are  to  be  taken  oot  with  ^  apparent  attitrie 
ef  the  obf eet. — Example.  The  nin's  oorrection,  oorreapondiog  to  tbe  appantt 
ahltnde  I<P  US',  ii  4' 53",  and  the  star's  correction  fta- tbe  lame  ahitode  11 5i'. 

TABLE  XIX. 

for  redMcing  Ltmgitude  intv  Time,  imd  the  cetUrary. 

Thia  table  is  Intended  to  facilitste  the  reduction  of  degrees,  &c.  of  loturitiide 

Into  time,  or  of  hours,  &c.  into  longitude.    The  method  of  using  it  whI  bM 

lypear  b;  inspecting  the  ft^owing  extunple*. 

BxAMPLB  I.  Required  the  time  aniwering  to  4SP  13'  43^  of  longitude. 

TbM  UMwariu  to. iS^  V   V    ii    9b.    Mm.  0*.   Olh. 

IHtto  to. „....  IS    0     ...  SS     0 

Ditto  W U     ...  a    « 

B«MStWtinMaa«w«riDflto...».»..........    4i  l«  43    ...    »     48    S4   4B 

ExAJCPu  XL  Required  the  degreest  &c  corresponding  to  Th.  6m.  48a, 

Loefltuda  ooneapiMidinf  to    ,. Th.  4m.  0*.    is     IH"  tf 

Ditto  to    S    4B      ...  41 

HanoB  thB  kngttiula  coneaponding  to 7      <    4S      ...     IM  it 

Longitnde  in  degrees,  Ac  mar  be  eonrerted  into  ttm*,  and  the  csntfafyi 
ladepaDdant  of  diis  table,  by  the  following  Rulea : — 

1st.  To  convert  degreea,  etc  of  longitude  into  time,  multiply  the  kagitDde 
by  4,  divide  the  degrees  of  the  product  by  60,  and  the  quotient  will  be  A> 
hotua,  die  remainder  minutes,  and  the  other  parts  of  the  product  seramdf,  && 
of  the  oatreeponding  time. 

ExutPL*.  Bequred  the  time  oorreapondiog  to  ^»  13' 48'  of 
4f  IV   4** 


).  48m.  Ml.  48th. 


Sd.  To  conrert  time  into  d^reea,  &c-  Reduce  the  hours  and  mhmtes  inU 
mnutea,  and  divide  by  4;  then  the  quotient  will  be  the  degrees,  minntM,  ^ 
of  the  correeponding  time. 

ExAMFLi.  Required  the  decrees,  &C.  oorrespwding  to  7h.  6m.  4Eb.  oftaaw- 
rh.  em.48*. 

m 

4}4ISiii.48l 
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KKPlAKAriON  OP  TtCK   tABLM.  -il. 

TABLE  XX. 

Ftn-Jinding  the  Diilance  of  terrestrial  Obfecls  at  Sea, 
When  the  eye  is  elevated  above  the  snrface  of  the  adjacent  land  or  water,  we 
not  only  tee  the  karnmiKting  abjwtd  more  dictinctly,  hot  also  Me  those  which 
ue  mfn  rewote  the  tugber  we  advance.  Now,  althmigh  the  irregularity  of  the 
tarhee  of  the  land  will  not  admit  of  any  one  rule  that  will  give  the  distance  to 
vUch  objectti  may  be  seen  at  different  elevatiuni,  yet  at  aea,  where  the  curva- 
ture of  the  water  is  uniform,  those  distances  may  be  easily  computed  by  meana 
of  this  table,  in  which  the  diitaocoi  are  exhibited  in  nautical  milea  and  decimal 
paits,  answering  to  the  height  of  the  eye,  or  that  of  the  given  remote  object, 
lUowanoe  having  been  made  for  terrestrial  reaction. 

EzAMPLR.  Being  at  the  mast  head  looking  out  for  land,  and  elevated  130 
feet  above  tbe  sur&ce  of  the  sea,  I  discovered  the  top  of  a  light-beooe  in  the 
horisoa,  whose  height  above  the  level  of  the  sea  is  known  to  be  300  feet : 
raquired  my  diatanoe  from  the  li^t-houK. 

Jn  the  tsUe  mpodu  ISO  bet  b 13. 1  mile*. 

DJMo  aOOffStli 19.9 

Sam  gl*«i  (he  dlitanoa  nf  tlie  ihip  from  the  ligtt-houie 33. 0 

TABLE  XXL 

For  reducing  the  Sun't  DecUnation  to  Noon  at  any  given  Meridian,  and  lo  any 
Time  at  the  Meridian  o^  Greenwich. 

Thia  table  contains  the  correctiona  to  be  applied  to  the  sun'a  declination  as 
given  in  the  Nautical  Almanac,  which  is  computed  tot  apparmt  or  mean  noon 
at  Oreenwich,  when  it  is  required  for  noon  at  any  other  meridian,  or  to  any 
given  time  at  the  meridian  of  Greenwich  :  it  is  to  I>e  entered  with  the  declina- 
tion for  nooD  of  the  given  day,  as  found  in  Page  I.  or  II.  of  the  Nsntical 
.Umanac,  at  the  top,  ana  the  longitude  of  the  place,  or  time  at  Oreenwich,  in  the 
tide  oiJiunDa ;  conespeadisg  to  these  will  be  found  the  minutea  and  aeconds  to 
be  applied  to  the  above  declinatioB,  by  addition  or  subtraction,  as  directed  at 
the  bead  of  the  table ;  that  is,  when  the  declination  is  iscreating,  the  oorrection 
i)  to  be  added  in  wi»t  longitude,  but  to  be  subtracted  in  ttast  loagitude,  w 
to  be  added  Cor  Greenwich  time ;  hut  when  the  declination  is  deereanit^  the  - 
correction  ia  to  be  subtracted  in  west  longitude,  but  to  be  added  in  east  loDgitude, 
or  to  be  subtracted  for  Oreenwich  time. 

When  the  declination  and  longitude,  or  lime  at  Oreenwich,  are  not  nearly 
fuand  in  the  table,  proportional  parts  muy  be  used. 

When  the  given  time  at  the  meridian  of  Greenwich  exceeds  12  hours,  the 
nrrection  moat  be  taken  out  at  twice,  as  In  Example  III. 

It  most  be  obsored,  that  this,  table  is  subject  to  an  error  of  a  fcw  aecends, 
from  the  son's  unequal  motion  in  the  ediptic ;  hot  it  ia  uBvertheleas  in  general 
sUBdently  exact  for  obtervatious  taken  at  sea.f 

BxuiPLs  I.  Required  the  sun's  declination  at  apparent  noon  on  Sept.  19th, 
1835,  in  longitude  lOS"- 15'  West. 

au'o  rib*  U  anMront  Docw,  bv  Pms  L  N.  A.  Uamatwg).,.     l" _4/t/    U"  N. 
CkoncLiim  for  longitude  105°  15' W.  —     S     51 

8aB'id*cliiution wheopsMiagthemeridiaa of thogiTonpUca    I    33    94   N. 

WIwo  tha  «ui*>  dscliostion  or  right  sscention  la  requirad  to  the  nawest  lecoDd,  iba 
MtiiMul  put  of  the  dailv  viristion  msy  he  raadilv  found  bv  lonrithm*.  Sm  Kinlsns. 
•ad  Us*  «r  TbUo  XXXIII. 
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%.  BXFLAMATIOM  OF  THE  TABJUSB. 

BxAMHii  IL  Reqnirad  the  inn's  dedination  «n  JniM  M,  1835,  M  Ik.  Mb. 

apparent  time  at  Greenwich. 

Sun'i  d«e-  June  9,  at  app.  dood,  by  Page  1.  N.  A,  Unoeuing)      Sf    V    IS*  N. 
Correelion  for  lb.  SOm.  apparnDl  time +       1    M 

Sdd'i  dcdinatioo  at  OrseDwidi  dma 33      9    SI   N. 

ExAMFLiIII.  Required  th«nin'adaduiatian,  Oct.  Iftli,  1835j  atlJ3L36Bi. 
mean  time  at  Greenwich. 

Suii'i  declination  Om.  17,  al  mcwi  noon,  b*  Pan  II.  of  (hs\     ag     .,    cjwq 

Nautical  Abnanao  (incnailng)  J     »-     B    Sff-B. 

Carrectiaaror  13boun +    Iff    MP  {  .     tt     ie 

Ditto      forSLSem +    8    17    f +   '*     '* 

6ud'«  dadination  at  Graenvich  tima 9    SO    II   S. 

It  will  wmetimei  happen,  when  the  ran  is  near  the  Bqninoxea,  that  the  otr- 
rectitm  for  longitude,  or  Greenwich  time,  will  exceed  the  declination ;  in  thk 
caae,  if  the  oorrecdon  be  subtractire,  the  declination  i«  be  taken  from  it,  and  the 
remainder  will  be  the  reduced  declination,  of  a  omtiary  name  to  that  taloa 
fnta  the  almanac 

ExAHPLi  IV.  What  will  be  the  tun'a  declination  on  September  23d,  1835, 
at  ISh-  48ni.  mean  time  at  Greenwich. 


San'idediDatioD,  S«pt<smberS3d,al  m«au  noon,  bv  Pan  IL)  tn  «  aiiiik 

of  chB  Nautical  Almanac  (decraaiing)                                   f  ^  v  W  n. 

CoractioD  for  II  houn —  II'   46"  I  ,_  „ 

Ditto      for  Ih.  4Sm. _     l    «  J  -  13  M 

Oreanwleh  ttma.  0  C  fit  & 


TABLE  XXII. 

Far  reduang  the  Shh'i  rigU  Ateemiott  to  any  Time  ai  the  Meridiat 

of  Greenmch. 
By  thii  table  the  sun's  right  ascension,  taken  out  for  noon  of  the  given  dif. 
(tarn  Page  1.  or  II.  of  the  Nautical  Almanac,  accordins  as  the  given  timett 
apparent  or  mean,  may  be  reduced  to  any  given  time  at  toe  meridian  of  Grmi- 
wich.  It  is  to  be  entwed  with  the  right  ascension  at  the  top,  and  the  Oresi«ich 
time  in  one  of  the  side  columns ;  the  correction  corresponding  to  the  time  being 
always  added  to  the  right  ascension  at  the  preceding  noon :  the  sum  will  be  tlw 
ran's  right  ascension  at  Greenwich  time. 

ExAMPLK  I.  Required  the  sun's  right  ascension,  Mtty  9thj  1836,  at  Sb.  Sfts- 
apparent  time  at  Greenwich. 

fiun'i  right  ucan.  Maf  2,  at  app.  noon,  by  Page  L  of  the  N.  A.    Sh.  9m.  33b 
Correction  for  6h.36m ■+  94 

Sun'a  right  aacemioD  at  Greenwich  time  3      3      87 

ExAaiPLB  II.  What  will  be  the  sun's  right  ascension  on  October  10th,  Wo, 
at  tOb.  60m.  mean  time  at  Or«enwich  ? 

Sira'srjght>Keii.Oct.lO,atn]eaiinaDii,byFagen.aflheN.A.    I3h.  Om.  <0k 
CorractioD  for  IM.  60m +      I       39 

Suii'4  right  aueiuian  at  Oreenvicb  time  13      3      ID 
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EXPLANATION  OF   THE  TAOLEB. 


1  July  13th,  1686,  at 

rigbt  ucennon,  July  ISth,  at  meuinaon,b]r  Pue  II.  )    ,.     .,„   ,. 


of  the  Nautical  AlmaoBG 

Correotjon  for  19  boon +    2m.  I*. 

Ditto        8h.  IDm. +    0    3S 

San'i  rif^t  ucewIaD  at  Oraemrieh  time  ■■ 


TABLE  XXIII. 

Ijigariih^ic  Sinn,  Tangents,  and  Secant*,  ^.  to  eoery  Point  and  Quarler-Point 
of  the  Compatt. 

This  table  is  useful  when  tbe  Ic^arithmic  sine,  tangent,  or  secant  of  a  ship's 
oouraeis  required  to  points,  or  quarter-points,  of  the  compass  :  itistobeenterod 
with  the  pomts  in  the  left  aide  column,  when  thej'  do  not  exceed  4,  and  the 
names  at  tbe  top ;  bnt  when  they  are  above  that  quantity,  the  points  are^  to 
be  takra  fma  the  right  side  colupin,  and  the  names  from  die  bottom. 

BZAUPLSS. 


TABLE  XXIV. 
LogarUhnu  of  Numbers. 

This  table  contains  the  decimal  parts  of  the  logarithms  of  numbers  to  six 
piscea  of  figures ;  but  as  in  most  of  the  calculations  which  occur  in  navigation, 
fire  places  are  sufficient,  it  most  be  observed,  that  when  tbe  sixth  figure  is 
omitted,  if  it  be  5  or  above,  the  preceding  or  fifth  is  to  be  increased  by  1  i 
thus  the  lo^rithm  .  966986,  when  taken  out  to  five  places  only,  will  be  .9w99. 

A  It^arithm  consists  of  two  parts,  which  are  separated  by  a  point ;  that  on 
the  left  hand  of  the  point  is  called  the  index;  the  figures  on  the  right  hand  are 
the  decimalpart;  and  as  it  is  the  latter  only  that  is  inserted  in  the  table,  tbe 
iodex  must  be  lufmlied  according  to  the  following  rules : — 

The  index  <f  a  togarilkm  is  alivays  one  less  than  the  number  ofjigaTes  in  tie 
whole  number :  hence  the  index  of  1 25  is  2,  being  one  less  than  Uie  nnmber  of 
fignres  contained  in  126 ;  also  3  is  the  index  of  U62. 6 ;  fin-  altbomgh  here  are 
four  figures,  yet  only  three  of  them  belong  to  tbe  whole  number,  the  .  6  being 
a  decimal  ^ure.  If  the  natural  number  consist  of  decimal  ^figures  orUy,  Ike 
index  is  9  Sssened  by  the  number  of  ciphers  before  the  Jirst  decimal  j^re: 
thus  the  index  of  .  wb\  Is  7,  being  9  lessened  by  2,  the  number  of  ciphers 
before  the  first  decimal  figure ;  the  index  of  .  00025  b  6,  because  there  are 
three  ciphers  before  the  first  decimal  figure. 

Tojind  the  Logarithm  i^  a  natural  Number. 
If  the  number  consist  of  one  or  Itoo  figures  only.  Enter  the  first  page  of  the 
table,  and  in  one  of  the  columns  marked  No.  took  for  the  given  number; 
opposite  to  this,  in  the  column  marked  Log.,  will  be  found  the  logarithm  required, 
to  which  prefix  the  index  according  to  the  above  directions :  thus  the  Iwarithm 
of50  is  found  to  be  1.748188,  the  h^thm  of  94  is  1.973128,  and  of  .0036 
is  7  397040. 

*  B  9 
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KM.  KXri^NATlDN   OV  THE  TAB1.SB. 

Iflht  HMmier  cohmUI  tf  ikrvtjigmre*.  Find  tlie  giTvn  nninWr  ia  tlw  left- 
hand  column  of  the  table,  and  opposite,  ia  the  oolumn  marked  0  at  the  tof  k 
iKittuni,  will  be  the  logarithni  required,  to  whidi  prefix  the  index  u  before: 
thus  the  1(«.  of  295  is  2. 439822, of  1. 76  is 0.245513,  and  at  .064S  is  a733999. 

ff'hfH  Ihe  number  contisi*  of  four  figure*.  Loolc  for  the  first  Anut  figam  in 
tilt;  left  aide  column  (without  attending  to  the  dedmal  point,  if  tiiere  betnj'), 
nnd  opposite  to  these,  in  the  column  marked  ivith  the  fourth  figure  at  the  top  « 
bottom,  is  the  liwarithm  required :  thus  the  logarithm  of  12^  !■  3. 095516,  of 
17.  95  ia  1.  254064,  and  of  .2678  is  9. 427«n. 

If  the  number  contitl  of  Jive  or  wore  Ji^nref.  Find  the  logarithni  of  thefint 
four  lieures,  aa  before  directed ;  then  multiply  the  number  found  opposte  in 
the  ri^t-hand  oolunn  under  dif.  (which  is  the  difference  between  two  adjacent 
logtuithms)  bj  the  remaining  fieures ;  point  off  from  the  product  as  muf 
ttKurea  from  the  rieht  aa  the  multiplier  consigts  of,  and  those  remaining  b«if 
added  to  the  lo^anthm  of  the  first  four  figures,  the  sum  will  be  the  loKBrilhm 
required,  to  which  prefix  the  index.  If  the  figures  pointed  off  to  the  right  hutd 
exceed  a  half,  the  unit  figure  of  the  remainder  \»  to  be  intreased  by  one.— 
Example.  Required  the  logarithm  of  25047.  First  look  in  the  left  side  column 
for  250;  opposite  to  this,  in  the  column  with  4  at  the  top,  is  the  logaritlun 
398634,  and  in  the  right  side  column  the  difT.  173  ;  this  multiplied  by  7,  tli« 
fifth  fimre,  girea  1211  ;  from  which  cut  off  the  kst  iguie,  and  the  renwinda 
121  added  to  396634  will  give,  with  tha  index  infixed,  4. 308756,  the  kmiithm 
required.    In  thli  manner  the  logarithm  of  598765  will  be  fiiund  5. 77^56. 

Tojtnd  the  natural  Number  corretponding  to  a  given  LogarilhwL 
If  the  number  be  required  ottlt/  to  four  figures-  Look  in  the  table  ft*  tbe 
logaritbsi  neareM  to  that  given,  opposite  to  whidi  will  be  fbond  tbe  first  tliree 
figures  in  the  left  side  column,  and  the  fourth  figure  at  the  top  or  bottom ;  Hk 
dedmal  point  is  then  to  be  placed  so  that  the  whole  number  may  contsia  ok 
figure  more  than  that  expreiied  htf  the  index.  Supnoce,  for  example,  the  natural 
number  correspondfuffto  the  logarithm  2. 326929  be  reouired :  the  neanat 
logarithm  to  tbis  ia  326950,  opposite  to  which  is  212  in  toe  left  cohinin,  vA 
3  at  the  top,  which,  placed  after  the  first  three  figures,  and  the  dedmal  ponit 
fixed  according  to  the  index,  will  gire  212. 3,  the  natural  number  requited 

If  Ike  number  be  required  lofive  or  more  figures.  Find  the  loMnthm  nnt 
less  to  the  given  one,  whith  will  ritb  the  first  four  figures ;  then  take  llie 
difference  between  that  and  the  given  Ic^ritbm,  to  which  aimex  as  many 
ciphers  as  there  are  figures  wanted  above  fbnr;  divide  this  by  the  difference 
found  opposite  the  nearest  less  logarithm,  and  tire  quotient  will  be  the  rtniatn- 
ing  figures  required. 

For  example — To  find  the  natural  number  corresponding  to  the  k^antbin 
4.478309  to  five  figures :  the  nearest  leas  logarithm  is  47^7^  unawcring  to  tbt 


•  log"'  ... 

mber  3008,  and  the  difFereace  between  that  and  the  eiven  logarithm  isSl. 
to  this  annex  a  cipher,  and  divide  by  the  difference  145,  the  quotient  irill 
be  2 ;  therefore  the  number  required  is  30082.  In  tbe  same  way  the  natural 
number  corresponding  to  the  logarithm  5. 497646  to  six  figures  is  3145ia 

When  the  given  logarithm  consists  of  only  five  places  M  figures,  add  a  dphn 
to  the  fifth  figure,  and  proceed  aa  before. 

If  tba  namber  requited  is  to  consist  altogether  of  decimal  figures,  the  mm 
tnaihod  muet  be  iiaed  to  obtain  it  as  shewn  above ;  ouly  observe  that  9  c^then 
lessened  by  the  value  of  the  isdex  are  to  be  prefixed  to  the  nnmber  watA- 
Thus  the  number  answering  to  the  logarithm  7.819083  is  .000593. 
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EXPLANATION   OF  THE  TABLCg.  jm. 

Tojlnd  the  Aritkrrutieal  CompUmerU  t^'a  LogarUkm. 

The  arithmetical  complement  of  a  logarithm  is  the  number  it  imits  of 
]0. 000000  or  SO.  000000  j  and  the  easiest  wav  to  find  It  is,  beginning  at  the 
left  hand,  to  subtract  every  figure  from  9,  except  the  last  significant  figure, 
which  is  to  be  taken  from  10 ;  but  if  the  index  exceed  9,  it  is  to  be  taken  from 
Id.  Thus  the  srithmetiol  complement  of  4.478309  is  5.521691,  and  of 
10. 935547  is  9. 064453 :  it  is  frequently  used  in  the  Rule  of  Proportion,  and 
trigonometrical  calculations,  to  change  suotractiwis  into  additions. 

Here  follow  a  tkw  examples  to  fiuther  illustrate  the  preceding  rules. 

Nab  Mum.  Loaittlm.  Loi^ftha.  NiLNon. 

OiTwl            S8  to  flod  1.74eiS8                Oiren  l.iW»778  to  find  83.43 

1. 79  ...  0.  asSSiS  a.  4G63S«  ...  886. 0 

98. 7S  ...  1. 994fi81  a.  S67439  ...  3S93. 5 

S96.U  ...  8.77fiB58  9.87^548  ...  .rs!s« 

.S6S70  ...  9.566738  6.183KM  ...  139111 

US79S  ...  E.19S383  4.897S85  ...  94981.9 

TABLE  XXV. 

Logarithmic  Sinet,  Tangenlt,  and  Secant*. 
This  table  contains  the  logarithmic,  or,  as  they  are  sometimes  caHed.  the 
ittifidal  sines,  tangents,  and  secants,  to  each  d^ree  and  minute  of  the  quadrant, 
with  their  complements  or  cosines,  co-tangent«,  and  co-secants,  to  six  places 
of  f^res,  besides  the  index ;  but  it  msv  be  observed,  as  of  the  last  table,  that 
five  places  being  generally  sufficient  in  ttie  common  practice  of  navigation,  when 
the  sixth  ia  omitted,  and  it  is  6  or  above,  the  precMing  or  fifth  figure  is  to  be 
i  by  a  unit. 


To  find  the  Logarithmic  Sine,  Co-tine,  4%.  of  any  given  Arc  in  Degreet 
and  Minute*. 
If  the  eiven 


1  desreea  be  under  45,  they  are  to  be  taken  ft«m  the  top,  and  the 

jrom  the  left  side  column;  o^msite  to  which,  in  that  column  with  the 

name  of  the  legBrithm  at  top,  will  be  found  the  required  logarithm.  But  if  the 
d^rees  be  more  than  45,  they  will  be  found  at  the  bottom  of  the  page,  and  the 
minutes  in  the  right  side  column  ;  likewise  the  name  of  the  li^arithm  is  to  be 
taken  from  the  bottom  of  the  page. 

When  the  given  d^reea  exceed  90,  they  are  to  be  subtracted  from  180 
degrees,  and  the  logarithm  of  the  remainder  taken  out,  as  beR)re.  Or  the 
lo^ittunic  sine,  tangent,  &c  of  an  arc  more  than  90  is  the  logarithmic  co-sine, 
co-tangent,  &c  of  its  excess  abore  90  depress. 

BZAMPLXa. 

'  '  1.11^  Ml  pticH.       Las.  10 1  plam. 

Requind  the  log.  ilna  of S«  83  ...      9. 774789  ...      9. 77479 

Bo-iiuof. 61  18  ...      9.68144:1  ...      9.88144 

tengentof  94  17  ...     10.14:1983  ...  lO.USZG 

co-ungentof 4S  50  ...    10.018877  ...  10.03388 

■enotof 19  Jl  ...     lO.eSfifll*  ...  10.09869 

"  ""  10.0I5619  ...  l0.09SSf 


Mm  of i«e  sat 

ordneof 71    S4>...      9.976703    ...      9.97670 

or  co-doe  of 18    S6| 

To  find  the  An  in  Di^ree*  and  Minmte*  neareH  cortetfmding  U>  a  gieen 

LogarUkmie  Sine,  Co-tine,  ^ 

Look  in  the  column  marked  at  the  top  or  bottom  with  die  name  of  the  given 

logarithm,  and,  when  the  nearest  to  it  is  found,  the  corresponding  d^rees  and 


nv.  EXPLANATION  OF  THK  TABLKS. 

miDUtea  will  be  thcne  leqoired ;  obaerriiig  that,  when  the  name  ii  U  tbe  top  of 
the  columa,  the  degrees  ue  to  be  taken  ^m  the  top,  and  the  minntea  fVom  tbt 
left  aide  cotnmn ;  but  if  the  mune  be  at  the  bottom,  the  cofreqxindiiig  degraM 
will  be  there  likewise,  and  tlie  minutea  in  the  right  side  column. 

Examples.  Required  the  arc*  in  degrees  and  minutes  corresponding  to  tkt 

L>>g.nne S.265890     ...      10°  87 

Co^ns 9.6iflt6l      ...      70     18 

Tusnnt 9.70156     ...     H    <S 

Socanl 10.954)3     ...     66      9 

The  arcs  to  lo^rithmic  sines,  &c.  taken  out  to  dc^ees  and  minutes  only,  are 
in  general  sufficiently  accurate ;  but  in  some  of  the  more  rigid  astrononiiat 
calculations,  such  as  clearing  the  distance  in  lunar  observations,  rating  chroDo- 
meters,  &c.  it  is  frequently  necessary  to  take  them  out  to  tbe  nearest  second: 
when  this  is  the  case,  they  are  to  be  found  in  the  following  manner. 

To^fiiid  Ihe  LogarUkmic  Sine,  Tangent,  Secant,  i^.  antnering  to  an  Are 

^any  given  Number  of  tSegrtet,  Minulet,  and  Second*. 
Find  theW.  sine,  &c.  answering  to  the  ^ven  degrees  and  minutes,  as  abort, 
and  take  out  from  the  proper  column  the  difference  of  the  adjacent  h^arithins 
to  100  seconds  (marked  at  the  top  Diff.  or  D.)  ;  multiply  this  difference  by  tbe 
given  seconds,  and  point  off  tbe  two  right-hand  figures  in  tbe  product ;  tben 
those  remaining  being  added  to  the  ]<w.  sine,  tangent,  or  secant  of  the  gil'en 
de^ees  and  minutes,  or  subtracted  from  the  tog.  co-sine,  co-tangent,  or  co-seoot, 
tviU  give  the  It^arithm  required. 

The  differences  to  the  sines  and  co-sines  are  set  down  on  tbe  right  of  their 
respective  columns :  the  differences  to  the  tangents  and  co-tangents,  being  tbe 
same,  ore  placed  between  them  ;  and  the  differences  to  the  secants  and  co-aecsota, 
being  the  same  as  those  to  the  co-sines  and  sines,  are  to  be  taken  from  tbe 
columns  corresponding  to  tbe  latter. 

EZAHPLR  L  Required  the  log.  sine  of  32°  SI' 45". 

Tlielog>rlthmleiineor3r>i1'» »,7Km 

The  difference  eorreipoDdiiig  to  the  log.  liae  of  tbe  given  degreeil 

Uid  minutei  is  S32 ;    this    niultiiitied  by  45  (Ibe  number  ofV      -)-      149 

•aoandi)  pointing  off  tiro  figure*,  is |    

Sam  la  tbe  log.  sine  required   9.728576 

ExAHPtB  IL  Required  tbe  log.  co-sine  of  71°  40'  25^. 

The  logarithniic  co-tine  oT  71°  40*  i S.  497681 

The  differanee  correnponding  to  the  log.  oi}.«ine  of  the  given)      _     .-g 

degrees  and  minutes  is  6S6  ;  this,  multiplied  by  SS,  give*  f 

Remainder  is  tbe  log.  oo-sine  required 9.497SS3 

ExAVPLB  IIL  Required  the  log.  tangent  of  56°  42' 20". 

The  logaritbiniD  t&ngent  of  56°  43'  is 10.  I8SSI6 

The  comepondiDg  differenoe  459,  mulliiOied  by  SO,  givse  +      M 

Sum  gives  tbe  tog.  tangent  required    10.  I82<j03 

Example  IV,  Required  the  log.  co-secant  of  65°  18' 23". 

The1«»ritUmic«>.sec«ntof6S='18'i 10.041671  ■" 

le  difference  corresponding  to  the  sine  of  the  given  d^rees  end  l     _      jj 


Remainder  is  the  log.  co-aecanl  reqiiii 
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EXPLANATION  OF   THE   TABLES.  XT. 

Tbn  Iflgiritliiuic  sines  and  tangeata  varying  by  gceat  differences  near  tbe 
beginniag  sad  end  of  the  qiutdrant,  it  has  raen  thought  proper,  for  the  soke  of 
aecuricT,  to  give  them  for  the  fir«t  and  second  d^rees  to  every  1 0  seconda,  witk 
tbeir  differences  between  the  columns  of  ainea  and  tangents;  when,  therefore^ 
llie  log.  sine  or  tangent  of  an  arc  teas  than  2  degrees  be  required  to  the  nearest 
tecind,  it  is  to  be  taken  out  to  the  nest  lees  tenth  second,  and  the  opposite 
iliSerence  multiplied  by  the  unit  seconds  j  then  the  product,  cutting  off  one 
tgnre  to  the  right,  is  to  be  added  as  before.  As  the  sine  and  tangent  of  an  arc 
ii  the  co-sine  and  co-taiwent  of  the  complement  of  that  arc,  the  latter  may  be 
fuund  when  above  88  degrees  in  a  similar  way,  taking  the  degrees  from  the 
bottom,  and  the  minutes  and  nearest  less  tenth  second  from  the  right  side  column, 
aod  observing  to  subtract  the  proportional  part. 
EUIIPI.B  V.  Required  the  It^  sine  of  1°  14'  43". 

Tfaa  logarithmic  line  of  1°  WWia - S.SSeSlB 

The  ooire^ODding  diff.  088,  multiplied  by  8,  gi*M +    S90 

Sum  b  tlu  log.  uiM  required 8.337109 

ExAHPLB  VI.  Required  the  log.  co-siae  of  89°  21' 25". 

Thelogi>rithmlcco-aiDeofS9°>l'90"l>  8.051054 

The  correapondiag  diff.  IB76,  multiplied  by  6,  givei —    S38 

Ram^nder  ii  the  log.  co^ne  i«quired S.  050116 

Tojlad  Ike  Degrees,  Minutet,  and  Secondt  of  an  Arc,  anttpering  to  a  given 
Logarithmic  Sine,  Co-sine,  i^. 

Find  the  logarithm  next  less  to  the  given  one,  if  it  be  a  sine,  tangent,  or 
tecant,  or  next  greater,  if  a  co-sine,  co-tangent,  or  co-secant,  and  note  the  corre- 
STNUiding  degrees  and  minutes;  then  take  the  difference  between  the  h^arithm 
thos  found  and  the  given  one,  to  which  add  two  ciphers,  and  divide  that  numbH" 
by  the  difference  of  100":  the  quotient  will  be  the  seconds  to  be  annexed  to  the 
degrees  and  minutes  before  found. 

ExAupLB  I  Required  tbe  dt^ees,  minutes,  and  seconds  corresponding  to 
the  log.  sine  I'  695476. 

The  log-  sine  next  less  to  that  given  is  9.  695450,  auawering  to  29°  44^ ;  the 
di^rence  between  this  losaritbrn  and  the  given  one  is  26,  which,  with  two 
ciphers  added,  makes  26(Xt,  and  this  divided  by  368,  tbe  diference  to  100'', 
eves  the  quotient  7"  to  be  snnexed  to  29°  44' :  hence  2^  44'  7"  are  the  required 
degreea,  minutes,  and  seconds. 

ExAiiPi.e  II.  Required  the  d^reea,  minutes,  and  seconds  answering  to  the 
log.  co-sine  9-566797. 

The  log.  co-sine  next  greater  to  that  given  is  9. 666951,  to  which  answers 
Sff'  21 ' ;  the  difference  between  this  logarithm  and  the  ^ven  one  is  1 64,  which, 
with  two  ciphers  added,  makes  15400 ;  this  divided  by  531,  tbe  difference  to 
JOO",  gives  the  quotient  29"  to  be  annexed  to  68°21';  hence  6e°21'29"  are 
the  required  d^ees,  minutes,  and  seconds. 

But  if  the  logarithm  next  less  or  greater  than  the  given  one  should  be  found 
in  the  first  six  pages  of  the  table,  it  will  point  out  the  degrees,  minutes,  and 
nearest  less  tenth  second ;  then,  to  find  the  unit  seconds,  annex  but  one  cipher 
to  the  difference  found  as  before,  and  divide  by  the  difference  in  the  column 
marked  Diff. 
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KXFLAMATiON   OF  THK  TABLBS. 


I,  umreringti 

differeBM  between  tfaia  log.  and  the  sirvn  tne,  wito  om  dpber  mnoeud,  ii 
4810,  which,  <Iirided  I7  the  diSerence  ^>  give*  0<';  benee  PaO'46*  aie  tha 
degreee,  &o.  required. 

TABLE  XXVI. 

NiUural  Smet. 

In  this  table  the  nBtural  nnes  are  exhibited  to  erery  degree  and  minaU  of 
the  quadrant,  and  arranged  m  that  the  degrees  correaponding  to  the  nnea  arc 
to  be  taken  from  the  top^  the  o^e,  with  their  Hiimitoa  in  the  Wi  ride  o^BBBit; 
and  the  degrees  aniwering  to  tae  cM-ninen,  frtm  the  botten,  with  tbair  mbaM 
in  the  right  side  columns ;  mweover,  aa  they  are  gtren  to  lix  places  of  Agnn^ 
the  aaote  rule  with  retpect  to  the  fifth  figure  muat  be  observed  when  five  lalj 
are  required,  aa  mentioned  in  the  explanation  of  the  two  preceding  tablea. 

The  natural  aine  or  co-aine  of  any  nnmbor  of  degrees,  See.  men  than  90,  ia 
the  same  as  the  natural  sine  w  co-aine  of  ita  supplement,  found  by  aubtracting 
them  from  180°;  (V  the  natural  line  or  co-sine  of  aa  arc  greater  than  90°,  ia 
the  natural  co-sine  or  sine  of  its  excess  above  90°. 

Tojind  the  Nalttral  Sine  or  Co-sine  tfa  given  Arc  to  any  Number  ^D^na, 

Mintdet,  and  Seeondt  ; 
Or,  lo^nd  Ike  Degree*,  Minvtea,  and  Seeondt  of  an  Are,  correeponding  lo  a 
given  ttaturat  Sine  or  Co-tine. 
These  are  to  be  found  as  directed  for  the  logarithmic  sines,  &c.,  except  tliat 
the  differences  to  100"  are  to  be  taken  from  the  bottom  of  tbat  otdumn  coataia- 
ing  the  given  degreca  in  the  former  ease,  cr  the  nearest  natural  aine  cr  go-um 
in  the  l^ter. 

ExAHFLB  I.  Reqnired  the  natural  sine  of  32°  91''  45",  m  ita  supj^Nneat 

uras'is'. 


TfacTutonl  tine  of  SS°f  I'll  

The  diffarenee  at  ihe  battom  of  tlM  column  oantainlng  tha  natnnJ' 
tine  of  tha  ir'*a°  d^reaa  and  minntM  it  <M  j  thU  multiplied  ' 
4S,  poiatlag  off  two  Hgum  in  tlis  prD<)uet,  girw  ... 

Svia  1*  the  naftinl  lia*  refulrad -.—..., 


ESAHFLX  II.  Required  the  natural  co-sine  of  7I°40'25",  or  10e'J9'35'. 

Tha  nanuBl  cosine  of  Tl'M/  i SIISI5 

Tbe  dUferance  460,  multiplied  by  SS,  poiDliog  id  two  flgnm,  gives       —  MI 


Bonninder  ii  tha  tutiual  a 


EzAMPLK  III.  Required  the  degraea,  minutes,  and  seconds  answering  to  tb 
natural  sine  495994. 

Tbe  natnral  sine  next  ksa  to  that  given  ia  495964,  answering  to  39°  44' ;  tk 
di&renoe  between  this  natural  sine  and  the  given  one  ia  30,  to  which  tva 
eipbera  being  added,  and  that  divided  by  433,  the  difference  at  the  bottom  of 
tin  colnmu,  gives  the  quotient  7"  to  be  annexed  to  39°  44' :  hence  99°  44'  1"> 
or  ita  supplement  ISO^  13' S3",  are  the  degrees,  &c.  required. 
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The  natural  co-shie  next  greater  to  tbst  given  is  86B9M,  to  ^rideh  aiisff«r 
6B°21';  the  difference  between  this  natund  sine  and  the  eiven  one  ia  131,  t» 
whiefa  twe  cipbera  being  added,  and  that  divided  by  451,  tne  difference  fooad 
at  tlie  bottom  of  the  aoTimui,  gtrea  the  quotient  29".  Heoea  08^  91'  SB",  or  itt 
i^plenwnt  111°  38^  31",  are  the  degreet,  &c.  required. 

TABLES  XXVIL  XXVIIL  XXIX. 

Logarilkrnk  Solar  Tablet. 

Tbeae  taUes  are  ealcolated  expreaaly  far  the  purpose  of  fisding  the  ktitiide 
ky  tim  akifeDdea  of  the  sm  and  the  elapsed  time ;  but  the  last  ia  a^ied  to 
Knral  othvr  problemi  in  naatical  astrracmiy. 

These  tables  are  to  be  entered  with  the  boor  ttt  the  top  of  the  page,  the 
minntes  in  the  left-hand  colamn,  and  nearest  less  fifth  second  at  the  top  of  the 
respective  columns.  The  proportional  parts  for  the  remaining  seconds  are  to  be 
taken  ftom  the  right-hand  marginal  columns,  from  those  opposite  to  the 
logarithms  taken  ^m  the  body  of  the  table :  hence  the  time  answering  to  the 
given  It^arithm,  and  the  contrarr,  may  be  readily  found  to  the  nesreat  second, 
as  will  tippeax  ebrious  1^  the  following  examples. 

EzAVPLH  I.  Required  the  toearitlun  answering  to  the  half-dapsed  time 
Ui.99in.30a. 

In  Table  XXVII.,  and  in  the  fan  with  I  hour  at  the  top,  opp)sIte  SO 
minutea,  and  in  the  oolumn  marlced  with  20*-  at  the  top,  will  be  fbond  0. 43023, 
tiie  logvithm  required. 

ExAMPLB  II.  Required  the  log.  half-elapsed  time  answering  to  Ih,  17in.  S8s. 
n«  log.  h>lf..d^MldB>a  (Tabic  XXVIL)  siuwBriDgM  111.  17iu.  Ms.  fi      D.179M 
PfQportiaaal  put  (or  tha  ismsining  St.,  lobtiactlTA,  bscanse  tbs  loga.'!    _      a, 
lillmu  are  deoeaiing _....■ J    ' 

Tlulcg.  hslf-elivwd  tiina  eenetpoadii^  to  lb.  I7m.t8«. _.~      a.<7]ll7 

ExAKPLB  III.  Required  the  time  answering  to  the  leg.  middle  time  43378^ 
!«.    middlB    lima    uxt    Im    (Table    XXVIII.)    coirespondiiiff    to)    .  Mmu 

ft.  40m.  lOi.  ia f   ••"*"» 

Olren  Ic^  miadJe  time -      4.S97Si 

&i  die  oohunn  «f  praportioual  parts  OMMsite  the  nearest  leas  log.,  the  nomber 
20  b^ng  the  nearest  to  19,  the  above  olfference,  gires  Sa. :  henoe  the  middle 
time  required  is  Ih.  40m.  13a. 


ExufPLB  IV.  Required  the  log.  rising  of  2b.  5&m.  43e. 

Tbtlof.  dii>g  of  Sh.  65m.  Mi.  (Tibia  XXIX.)  U 

Tbs  proportional  part  for  3  lecoDdi,  fbuod  in  thg  rigfat-baiHl  oaltunn 
nauif  oppoaite  tne  abora  log.  ii 

SsocediotBp  rWii|;of  tt.66m.48* 


•   C 

"    C.=.l,:sa:,G00gIC 


EXPLAMATieH  OF  TBB  TAALES. 

BTAMfLm  V.  Rtiqtiired  tli«  time  eoRHpoadiiig  to  tbt  log.  nirng  4. 734M. 

4. 7S4H 

«,«iin«apciiidiiv(o4h.llm.l9t^if »._..«      4.79488 


The  gtrm  log.  riilng  Ii    ... 
""'m  kif.  liilDg  nan  Imh,  «c 


DUerenoe ~ „.  « 

In  the  risht-hand  ooloma,  oppo*it«  the  mbove  log.,  the  nMnat  pn>pcrtion>l 
part  ia  5,  which  girea  1  Hcond:  this  added  to  4h.  Urn.  15a.,  the  time  sniweriog 
to  the  next  less  hg-,  givea  4L  11m.  16b.,  the  time  required. 

It  is  □ecessary  to  aotice,  that  the  indices  in  theae  table*  aometimea  change  in 
the  colnmDB  where  thev  could  not  be  inserted,  for  want  of  mom ;  this  may,  how- 
ever, easily  be  known  by  obaerring  that  the  first  figrure  of  the  decimal  part  of  the 
logwithtna  change  from  9  to  0 ;  fw  instance,  the  log.  rising  of  Oh.  32m.  25s.  is 
3. 99942,  but  that  of  Oh.  SSm.  30b.  ia  3. 00164.     This  chan^  of  the  indices  is 
alao  pointed  out  b^  both  indices  being  shewn  as  «  fraction  in  the  left  aide 
eoloma  of  the  loganthma,  as,  in  this  instance,  by  |, 
£xAHPi.K  VI.  Required  the  log.  rising  of  Ih.  43m.  34* 
The  log.  rtiing  of  Ih.  48m.  90>,  b ... 
The  proporttonsl  pan  for  4  saoiuu 
tMaHfoppMiW  the  ■bora  log.,  ii... 


HancachsloK.  rlnng  of  lh.43m.  94i.ii    4.000S8 

In  these  tables,  the  logarithms  for  the  first  ten  minutes  of  time  varving  by 
greftt  differences,  the  proportional  parts  for  the  intermediate  seconds  could  not  be 
inserted :  they  most,  tliet«fbre,  if  required,  be  foond  by  the  Role  of  Pn^MStion* 

TABLE  XXX. 

CorrectUm  qflAe  Moon's  apparent  AtlUude. 

This  table,  which  is  placed  on  l^-hand  pages,  oontajus  the  correctian  ta 
be  added  to  Uie  moon's  apparent  altitude  in  order  to  obtain  the  true,  being  the 
parallax  in  altitude  leasened  b^  refraction,  the  former  of  which  make*  the  loaea 
appear  lower,  and  the  latter  higher,  than  ber  true  place :  this  correction  is  lik^ 
wise  used  in  reducing  the  moon's  apparent  distance  from  the  sun,  a  stsr,  or 
planet,  to  the  true.  The  table  ia  to  be  entered  with  the  moon's  apparent 
altitude  to  the  nearest  less  tenth  minute  in  the  left  dde  column,  and  tbe 
minutes  of  horizontal  parallax  at  the  top ;  the  parts  for  the  unit  minutes  of 
altitude  may  be  found  at  the  bottom  of  the  first  page,  but  are  to  be  token  froan 
the  rigbt-hand  columns  of  the  other  pages,  obserring  that  when  the  altitude  ii 
less  than  10  degrees,  to  take  the  parts  out  with  the  nearest  leas  tenth  minute 
of  altitude  at  tbe  side,  and  the  nmt  minutes  at  the  top.  The  perta  anawering 
to  seconds  of  parallax  are  to  be  taken  from  the  right-hand  part  of  the  tablet 
entiUed  at  the  top  "  Add  for  Sec.  of  Par.",  in  that  compartment  where  the  first 
correction  was  taken,  opposite  the  nearest  less  tenth  second,  and  under  the  onit 
seconds.     These  parts  are  both  additive. 

EzAHFLB  I.  Reauired  the  correction  corresponding  to  the  moon's  . 
altitude  33° 44',  and  horisontal  parallax  B&BT'. 

OoTrMtiaafarmM>n'>altltade33°40',siidliaruuntdpwallwS6'....    45       I" 

FsrU  for  4*  of  moon'a  altitude -|-      8 

Ditto  for  S?"  of  horiiontsl  FVdlax  +    49 

Haon'i  oorrMtion  Mquired 45    fi? 


b,GoogIc 


KXFL&MATION  OF  TKB    TABLES.  HZ. 

EKAMPI.B  II.  I/M  the-  mooa'a  ■ppannt  tldtude  be  SPZBf,  and  horintntal 
parallax  S3/  4ii" ;  required  the  corre^Mndiog  correction. 

CoTi«cdoDforiiiaoii'aaltilu<Is8°SO',  uidhornoaMl  pusIUxSy 48*   IT* 

Parti  for  6*  of  moon'i  altitoiia +      S 

Ditco  for  M*"  of  korinmul  puallax  +    40 

Moon*!  MTTKtlon  required 47      0 

Example  III.  Required  the  moon's  correction  answering  to  the  apparent 
altitude  64°  SO,  and  horizontal  parallax  61'  \^. 

Correction  for  mooa'i  ■llilndg  W  20',  Uid  horlxontal  pwallu  01'  ...     tSI    iff 

Put!  for  (K  of  moon'i  altituda    -|-     10 

Ditto  for  IS"  of  hariioDU]  par&lluc  » -{-      7 

JUoon'i  coiraction  required 2S      fi 

The  correction  of  the  moon's  apparent  altitade  may  be  found  independent  of 
tbis  table,  bv  adding  together  the  log.  secant  of  the  amiarent  altitude  (rejecting 
10  in  the  index)  and  the  proportiomd  logarithm  (XXXIV.)  of  the  honzonttu 
poiallas ;  the  Rom  of  these  will  be  the  proportional  logarithm  of  the  parallax  in 
altitade,  from  which  subtract  the  refraction  (taken  from  Table  IV.)  answering 
to  the  apparent  altitude,  and  the  remainder  will  be  the  moon's  correction. 
The  first  example  will  be  thus  wwlced : — 

Hoon'a  appuvnt  altitude 33°  41'  Secut 0.0801 

Moon's  horiiootd  panllax W   67" Pn^.  Log.    0.4098 


Uoon'a  MrtectloD 45    07 

TABLE  XXX.' 

AuxUiaty  Are*. 

This  Table  of  Auxiliary  Arcs  is  employed  in  finding  the  tme  distance  by 

Method  I. ;  and  as  it  is  arranged  similar  to  Table  XXX.,  it  is  placed  on  tlie 

ri^U-kand  pogee,  opposite  to  the  some  arguments  as  in  that  table. 

The  arcs  are  to  be  taken  out  with  the  moon's  apparent  altitude  to  the  next 
leas  tenth  minute  in  the  left  side  column,  opposite  to  which,  in  the  column  with 
the  minutes  of  the  moon's  horizontal  parallax  at  the  top,  will  be  found  a  corre- 

riding  arc  in  minutes  and  seconds,  to  which  always  prefix  60°;  the  parts  for 
unit  minutes  of  the  moon's  apparent  altitude  are  found  at  the  bottom  of  the 
page,  and  for  the  seconds  of  parallax  in  the  right-hand  part  of  the  table,  similar 
to  those  in  Table  XXX.  A  correction  for  the  sun  <»*  star's  altitude  is  to  be 
token  from  the  marginal  column  on  the  right  band ;  but  when  the  distance 
of  the  moon  from  a  planet  is  observed,  the  correction  is  to  be  token  from  Table  L. 
All  these  corrections  are  additive. 

ExAMPi.8  I.  Required  the  auxiliaiy  arc  corresponding  to  the  moon's  apparent 
altitade  33P  44',  the  moon's  horisontal  pandlax  56'  67",  and  the  sun's  apparent 
altitude  10°. 

An:ourreipandliigta>lLS3°40',uidhoriH>ntaliiandlu5S' 60°  Iff   ST 

Para  for  4'  of  oioon'i  altitude ~|-      3 


Aiudliary  arc  ifequlrad... 


;,  Google 


SXTLANATION  OF  THE  TAU,BB. 


E^MrLI  U.  Be^DUvd  tbt  BuxiliarT  anc  attrctpoMB^  to  tfae  mto'i 
apparent  altitude  8°36',  tke  nuoa's  honuatal  pamlkx  53*40",  and  aMv'i 
apparent  altitnde  lO'^. 

eorrmuidiiigwiDMB'iab.raO'.udbar.rmaBiir  ...    OCr>    r  ST 
n  for  <r  of  moonV  -'-=—'- 


Put!  for  <r  of  moon**  ■Ititoda. 
Ditto  for  40"  of  borlwinUl  paralli 
Pino  (or  Mu'i  »Uiu*d«  10", 


Anzilkry  an  rainirad _~ 6»     3    tf 

EzAUPLK  IIL  Required  the  auxiliary  arc  correspondiiu;  to  the  dmn 
apparent  altitude  48°37'>  the  moon's  boriiontal  parallax  wSS",  a  plu 
apparent  altitude  31°,  and  horisontal  parallax  18". 

Art  eorrapondiDg  to  moon')  alt.  48°  SV,  ud  bar.  puslUx  Stf...    60°  W     4" 

hrta  for  y  of  moon'a  altinide   +      S 

Dhtofor  3f  of  horixoDt«]  puallu   » ...»  -f    '^ 

Dltt*  tT pl»M-* altltuila  SI",  md  hnr. pnjlai  IS"  (TableL.)...  +      4 


Auxiliary  mc  re^oliwd... 


TABLES  XXXI.  XXXII. 

Logarithms  Jbr fading  the  Apparent  Tine  or  Hormy  An^t. 

The  logarithnis  in  these  tables  ore  intended  to  fadlitate  the  oomputotiaii  d 

time,  deduced  from  the  altitude  of  a  celestial  object ;  tber  are  arranged  in  tbe 

•ame  manner  aa  thorn  in  Tables  XXVII.,  XXVllI,  and  XXIX.,  s^thenfat 

their  correspondiug  times  are  to  be  found  in  the  same  manner  as  in  thoaetabkt. 

ExAHPLB.  Required  the  time  corretponding  to  the  logarithm  9. 34861 

The  giren  logaritliia 9.S4M4 

Tbe  logarilhm  in  the  labia  next  leu  to  the  abore,  cormpondiiig  to)  .  «ibjui 
3h.  I»m.  10a.  ii    J-w.MWW 


Difference  .. 


In  the  column  ofproportional  parts  oppodte  the  Mareat 
difference  14  giTei  ^ ,  therefore  the  time  eonespending  to  the  gi*ea  logvitka 
is  3h.  19m.  1& 

TABLE  XXXIir. 

LegarilhjnMjarJtttding  the  CarreciioH  to  reduce  the  Sun't  DgeUmation,  lUgU 
Atctntian,  S^c.  to  any  Time  under  the  Meridian  of  Greenmick. 

By-  this  table  the  proportional  part  of  the  daily  change  of  the  sun's  dedin*- 
tion,  right  ascension,  or  sny  other  elements  that  are  given  in  the  Nsutiol 
Almanac,  ibr  intervals  of  34  oours,  may  be  found  to  the  nearest  second-  Tbt 
numben  at  the  head  of  the  colunms  may  be  considered  either  as  houn,  degtea> 
or  minutes,  and  thoee  in  the  side  columns  must  be  takan  as  minutes  or  secoadi 
accordingly. 

To  find  the  proportional  part  corresponding  to  any  given  lime  at  Greenwicli, 
add  tc^ber  the  logs,  of  the  daily  variation  and  of  the  Oreenwich  time ;  thor 
aum  will  be  the  log.  of  the  proportional  part  of  tbe  change  in  34  houn,  hi  b<  . 
taken  in  the  same  manner  as  the  daily  change  is  found ;  this  nri^orti(»ial  put 
added  to,  or  subtracted  from,  the  declination,  &c.  at  tbe  preceding  noon,  accora- 
ing  as  it  is  increasing  or  decreasing,  thu  result  will  be  tbe  declination,  &c-  it 
tbe  given  Greenwich  time. 
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BXFLANATION  OF  THE  TABLKa.  XO. 

Exum.B  I.  Bcqnind  the  wn'i  deelinari—  mi  right  aieeiiiHn  «a  OM.  17( 
10B6,  at  Ifik.  3Sm.  mean  time  at  GmnwidL 

Siin'i  dedinMioii,  Oct.  17,  by  Paga  II.  of  Nuit.  Aim.    9°    6'   SO*  S. 
nno  OK.  It,  bf  ditto »_   »    »    M  S. 

D»IlynriatlmiardimiwBinMlu>ai«(iD(nHiiw>......  3S      0  L««  0878 

OtMSwichmauiiiiDa.^ - IEh.Hm.  .....Log.  1871 

Viriadonorobaonbi  l51i.S6m. _  .f*  14    lBl'„....L(v.  SS4» 

Sbu'i  inliintiitn.  Oct.  17,  by  Piga  IL  of  Nant.  Aim.    S      5    S6  8.  

Ditto  W  OrMDWJdi  mian  timB 9    SO    U  9. 

6iui'(ri^HEnuieii,Ont.l7>bTFuaILofNHit.Al.  ISh.  36m.  S7ii 
Ktti,  Ocit.lB,t7  ditto    - 13      SO      » 

IMl7m{stiaBoreluBgBliiHhoan(liienMiaf)  ...  I      4ft  ...Lqg.  KMH 

OraeDwidi  moui  time  ISb.    80m.    ...Log.  1871 

VtriatiaDOr*huHiinUb.Hai_.......„................  +L    9m. SOw-Lof.  MM 

8an'>riglitaM«DBon,Oct.l7,brP^[eII.afNaDt.Al.  IS      98      87  

Ditto  u  Orsanwicli  mmi  thns 18      88        8 

ExuiPLB  H.  Required  the  right  Bscension  and  decUnatioD  of  the  Planet 
Vena,  on  Maidi  31, 1835,  at  lib.  48iii.  mean  tim*  at  Gieenwich. 
VuD>'iri^tMoen.BUrchSI,byPag«t81,N>ut.AL  Slh.  60m.  58i. 
Ditto(Hud>8S)Aprill,lnr  dttte  «      >fr     18 

DaIlrTa(lMleoordMi»in>4bom<liiWN<tHB) t      tfi...Lag.    73S1 

Oiwnwidt  iDMn  ttana   » lib.    48m.  ...Log.    SOeS 

Tariul(mordiuniiillb.48m. ■+h.     Tn.  1H.  iMf.l.MU 

V«nu>-irl^tuceibMu«h8I,b7P>geS81,N>ut.Al.  91      BO      M  

Ditto  at  Oraanwldi  mean  tiiM 31      88        3 

T«iDi^dndiiiatioD,Hardi81,  b7Pan98t,NaolAL  18°  48'    50^8. 
IXtto (March 89} April l.br  ihto  IS    80    97    S. 

Buly  TarlMioa  01  obayoa  la  Si  lunn  (dDcraaiiiig)  ._  18    S8 Loc.  1188 

OreanwidimeaaticM _ _ Ilk,    48m.  ..^.X^  SOSS 

Tariatloii  or  dMBge  in  llh.  48dl — °     W     if Lev.  4S41 

Vwn»'«dMUa>HBD,Ma»eli8t,byJ«gaa8l,HMH.AL  IS    4t    M  &  

Ditto  at  Oraanwioh  mean  time 13    39    tS   &. 


TABLE  XXXIV. 

Proportional  Lt^arilhmt. 

These  Ic^arithnu  were  first  calculated  hf  Dr.  MaakelTne,  in  order  to  facilitate 
tbe  eperatMR  of  finding  the  tine  at  Greenwich,  hy  ccHnparfng  the  obserred. 
dntanee  between  the  moon  and  the  stm,  a  star,  or  a  phnet,  iriien  reduced  t« 
(be  tne,  with  those  set  dvwn  in  the  Nautical  Ahnanac,  fbr  ercry  third  boor  of 
Oreenwich  tine ;  and  are  likewise  frequently  applied  in  othn  e^culatiou  vhere 
■ezagedmala  are  concerned.     The  table  ia  to  be  entered  either  with  i 


nM.  KXPLAMATIOM  OP  THK  TABLSS. 

•sd  miniitM,  or  boon  and  minntM,  at  titi  top,  »ni  Mcooda  in  otkaade 
oolnma.  Thus  the  proportioiud  logarithm  of  (P  15'  36",  or  (Hl  ISin.  36t, 
is  1.0621. 

Proportioa  hj  lagaritlmu  beiiiK  perfiwmed  by  adding  together  the  arithinWJn] 
complement  of  the  Ic^arithm  of  tne  first  term  *  to  the  logarithm  of  the  aeeaod 
and  third  terms,  rejecting  10  from  the  index ;  thic  table  may  therefoe  be 
readily  applied  in  finding  the  fourth  term  of  a  proportion  in  sexagenmali;  h 
we  abaU  anew  in  the  following  examplei. 

ExAHPLB  I.  Suppose  the  inn's  altitude  to  decreafe  51' in  19ia.39a.of  tiiu^ 
how  much  will  it  decrease  in  8m.  6t,  ? 

Ai      IBm.  93i.... Prop.  Log.  (Arith.Comp.) S.9S01 

Iilo     $m.    «i Prop.  Log.  I.MS 

Bob     0°    Sr Prop.  Log.  - S477 

To  deewH  of  alt.  S&' ■>"...?■«?.  Log .8SW 

ExAifPLB  II.  Let  the  altitude  of  the  moan's  upper  limb,  obaerTed  U 
%.3em.44a.beSKP3',  and 90^45' when  taken  at  Kl 38m. SOa. ;  reqniraditi 
ahitnde  at  3h.  33m.  47b. 

Time  St  Ant  sic...    S  38  44      TIma  at  fint  alt.    3  S8  44      Pint  alt. ...    M    S 
Timaatucondalt.    S  38  SO      Time  M  raq.  alt.     3  83  47      Seeoodalu.    90  4S 

Diif. r»  Diff. r~3  ms....      041 

A»       Sn.  S6i. Pi«p.Lag.(Aiii)iL.Co(np.)„ 8.7^0 

Ii  w     6m.    8i- Pnw.  Los, I.55M 

Bol*   41'       V Pn>ii.L(«.« ^..„      .«»M 


SOU    eAltitudxrfnKNm't  upper  llDib  at  8b.SSm.47a> 

TABLE  XXXV. 

To  correct  the  apparent  Dittance. 

Tliia  table  contains  s  correction  applied  in  reducing  the  apparait  to  the  tret 
diatanee  by  the  approsimute  method*.  It  is  to  be  entered  with  the  distance  il 
the  top  or  bottom,  and  the  moon's  correction  in  altitude  and  in  distance  (tt 
iecona  correction)  alternately,  in  the  left  side  column ;  the  difference  between  at 
immbva  of  teconda  thoa  taken  out,  is  to  be  added  to  the  corrected  distance  wlua 
len  tbui  90°,  or  subtracted  when  above. 

Example.  Retjuired  the  correction  corresponding  to  the  distance  7"°.  ^ 
moon's  correction  m  altitude  36',  and  the  moon's  correction  in  distance  13'. 

In  the  column  with  70°  at  the  top,  and  oppoeite  SS*  in  the  side  colunB,  il 
finmd  4'' ;  again,  in  the  same  column,  opposite  IS'  in  the  side  column,  stands  ]'; 
the  difference  of  these  two  numbers  of  seconds,  vis.  3",  is  to  be  added  to  tic 
corrected  distance,  because  it  is  less  than  90°. 

This  table  is  somewhat  altered  &om  the  original  when  the  distance  is  abon 
90°  (the  seconds  being  the  complement  to  20  <rf  those  formerly  giveo),  in  orte 
to  sdapt  it  to  an  easy  and  general  method  of  clearing  the  distance,  by  Joaqili 
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UXPLAM&TION  OF   TBB  TABLES.  XUI. 

it  Hendosa  Rios,  F.  R.  8.  When  his  method  is  mad,  the  seconds  are  to 
be  taken  oat  with  the  apparent  dtstance  at  the  top  or  bcAtom,  and  the  hmchi'b 
correction  and  difference  of  corrections  in  the  side  ndtunn. 

TABLE  XXXVI. 
Natural  Verted  and  Suverted  Situs. 
In  this  table,  which  is  calculated  to  radios  1.000000,  the  dwrees  are  given 
St  the  t«p  of  the  pagee  from  0^  to  89°,  and  ^m  90°  to  180^  at  the  bottom.  To 
eacb  d^ree  there  are  three  oolnmos,  marked  versed,  parts  6x  ",  and  tuvert.  ; 
beiDg  sbbreviations  of  natural  versed  sines,  proportions!  parts  for  seconds  of  a 
d^ree,  and  supplementary  natural  rersed  sines,  or  snversed  sines..  In  the  left 
coJnmns  of  the  pages  are  the  minutes  of  the  arcs  between  0°  and  89°,  b^inning 
from  the  top  j  tney  also  represent  seconds  in  taking  out  the  proportional  parts  <n 
the  versed  sines.  In  the  right  colnmns  of  the  psges  are  the  minutes  for  arcs 
between  90*^  and  180°,  b^innine  from  the  bottom ;  and  they  also  represent 
seconds,  in  taking  out  proportional  parts  for  euversed  sines.' 

Tojind  the  Natural  Versed  Sine  t^  a  given  Arc  to  the  jtearett  Second. 

Find  the  natural  versed  sine,  in  the  column  of  versed,  corresponding  to  (lie 
^veo  dcficees  and  minutes,  to  which  add  the  parts  taken  from  the  column 
oF  psrts  for  ",  belonging  to  the  given  d^ree,  opposite  the  seconds  in  the  left 
column,  and  the  sum  will  be  the  natural  versed  ame  required.  When  the  given 
are  exceeds  180°,  it  is  to  be  sabtracted  from  360°,  ana  the  natural  versed  sine 
of  the  remainder  will  be  that  required. 

ExAMPLB  I.  Required  the  natural  vened  sine  of  65°  14'  46^. 


a  ii  theiia(iinlTanBdiliieDr6G°I4'40''  requiiBd... 


EuMPLB  IL    Required  the  natural  versed  sine  of  143°  38'  39",   (or 
817>  21'  ai'O- 

Abort  149°  in  cohmm  of  verfed,  and  oppoiite  S9f  Id  njiU  eolmnn,  is  ...     I.7M768 
Aixrre  149°  in  ""'■"" "  of  psru  for  ",  sua  oppoiite  39"  in  {(fl  column,  is  116 

8anbthaiiatajalvBnedilDaorU9°S8'Sff'<ar917°9r31'')raqDirad    1.7N8U 

To^find  the  Arc  in  Degree*,  Minute*,  and  Secondt,  corretpOnding  to  a  given 

Natural  Verted  Sine. 
In  one  of  the  ccdomns  of  versed  find  the  natural  vosed  nne  next  len  to  the 

S'  en  one,  and  the  corresponding  d^rees  and  minutes  will  be  those  required, 
btract  this  natural  versed  sine  from  the  given  one,  and  opposite  the  remainder 
taken  in  the  ctdumn  of  parts  for  ",  belonging  to  the  d^ree  already  found,  will 
be  the  seconds  required  in  the  left  column. 

Example  I.  Required  the  arc  in  dq^rees,  minutes,  and  seconds,  corre^xind- 
iog  to  the  natural  vened  sine  0^K25. 

The  giren  nscnnl  reraed  line  u  M9995 
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mr.  CXn.AlIATlBN   OF    THK   TAII.IS- 

TU«diCgMnM79k«ngfinBduitfaaoalaanofpaTtifi>r",  under  1B>,  cw 
BrnfmiaUBVim^  i^t  vAwma;  dwiafive  thaarcraqnirodu  IS^lD'Sl*. 

ExAif  FLB  IL  Required  tbe  arc  to  the  nearert  ■econd  eorreqiandiiig  ts  tbi 
natural  rened  aine  1. 790977' 
Tha  girvfi  aktunl  ranad  do*  b... 


The  difference  110  bung  (bund  in  the  oohnnn  otfurtt  ftr  ",  BboTe  lti°,  or- 
re^Kinda  to  37''  in  the  /(/I  colamn :  hence  the  required  arc  ia  143°  Itf  S?"- 

Thiii  taWe  ia  naed  In  d—ring  the  aMvent  diatasee  of  the  moon  fram  tk 


deeimal^gtirttAn  taken  oMj  hot  aa  the  brua  diMaace  nerer  diSera  audi  bkk 
than  a  degree  from  the  apparent  distance,  the  figurea  omitted  cnn  neret  lead 
to  errOT  in  discriminating  to  which  d^;Tee  the  tme  diitance  behmga. 

BzAHFLB.  SvMMMe  the  iqtpaaeat  diatance  to  be  abont  74^j  and  the  tiac 
dirtiace  riifTeninniliiifl  U  the  aum  of  the  laat  fira  fignrea  of  the  natval  ittmi 
ifaea  UaW  hs  retyufod: 


The  difference  910  In  the  column  of  part*  tot  ",  under  79^,  cwreepondi  te45* 
in  the  left  column ;   therefore  the  true  diatawN  would  be  7^  27' 4a". 

The  aane  fiyvet  would  alw  carrei^iand  to  the  arc  102°  'iSf  12";  but  tbM 
cannot  be  the  true  diatance,  a*  it  differs  ao  many  dwees  from  tha  a{^)*nst 
diotaooa :  hence  no  "liftalt*  can  aiiae  bj  employing  only  the  last  five  figum. 

ToJiMd  Ihe  Natural  Suverted  Sine  qfa  given  Arc  lo  the  nearest  Second. 

Add  1  minute  to  the  giTen  arc,  and  take  out  the  natnral  aaversed  noe  d 
the  de^reea  and  minntea  from  the  proper  cotumn ;  but  tbe  paita  for  aeeiBd*  will 
be  found  oppoaite  the  giren  secondi  in  the  rigAt  column,  and  are  to  be  added  U 
tin  ncbiT^  anvened  ameoftibeAegreeaaKdmaiotea. 

ExAMPU  L  Required  the  natural  auTersed  aine  of  25°  19'  12^. 

Under  V  In  aJnmn  atnem,  and  oppadta  W  in  l;/!  oolaiBB,  U „„„     I.MiSU 
Under  SS"  In  oohunn  of  put*  for  '.  aad  appnite  If  in  rV>l  iifcnw.  ii  IM 

Sum  ij  tha  natoial  nTonsd  iln*  of  SS"  IB'  19*  raqulnd. ...,., I.  MHN 

EzAMrwIL  Ba4BbadtfaeMtiinIaaTenadaineofl6f>]8'37*'- 

Above  1B4°  tn  column  of  mwr*.,and  oppoiits  IB*  InHfrfb  column,  li 43IIM 

Abore  1M°  In  oriunnof  panifor'',  ud  oppodM  IT'' In  r^^odonn,  i*  ^M 

•iMoria4°18'37*ra4uind (OnTS 
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EXPLANATION  0¥  THE  TABLES.  XXT- 

TABLE  XXXVn. 

For  reducing  Sidereal  to  Mean  Solar  Time. 
Tbia  table  Ii  to  1)6  entered  with  tfae  houn,  minuteB,  and  aecoaia  of  sidereal 
tinie,  correspondiiig  to  wlaA  are  the  minutes,  seconds,  and  hundredths  of  the 
■ecelersdon  of  sidneal  on  mean  time,  the  parts  of  which  being  taken  out,  and 
their  inm  subtracted  from  the  given  sidereal  time,  will  oonrert  the  same  into 
Bwsn  solar  time. 

BzAUPLB.  Required  the  mean  solar  time  oorreapcmding  to  Sh.  S5m.  tis.  of 
sidereal  time. 

Sh.  (rfiidnnldnMgivM Im.  ]e,«i. 

Win. 8.M 

fim S.8I 

«».    0. 1! 

«•■ 0.01 

AMsleiBtion  of  ^deredon  mBSD  time...     —       I      81.86 
Oi-ma  aidenal  time 8h.   S5      4S. 

Meu  adu  time  tieqalnd  B     M      19.14 

This  tal)l0  is  nsefdl  when  the  time  of  a  eelestiol  object's  transit  orer  the 
meridian  is  noted  by  a  sidereal  clock,  and  it  is  required  to  find  the  oorreeponding 
Bcantiine. 

TABLE  XXXVIII. 

Far  reducing  mean  Solar  Time  to  Sidereal  Time. 
Tbb  miootes,  seconds,  and  hundredths  in  the  table  are  to  be  taken  out  in  the 
same  manner  as  those  in  the  preceding  table,  and  their  parts  added  to  the  given 
mean  time. 

EzAHPLS.  Required  the  sidereal  time  cDrreaponding  to  the  interval 
9b.  4Sm.  60b.  measured  in  mean  solar  time. 

9h.  of  mean  «d«r  Unw  give Om.  19,71*. 

40m 6.67 

>n».  0.8S 

SOs.    0.  U 

OItbd  mean  KiUr  lime    9h.  4S      fO 

Requinid Bidereal time 8      43        6.7S 

If  doaUe  altitudes  of  a  star  be  taken  to  determine  the  latitude,  the  elapsed 
tkne,  meaanred  bj  a  ohronometer  or  watch,  u  to  be  reduced  to  sidereal  time,  aa 
share;  then  tfae  computation  will  be  the  same  as  that  for  finding  the  latitude 
by  double  altitudes  of  tfae  sun. 

TABLE  XXXIX. 
Logariikwiic  Difference. 
Tfae  logsritfams  in  tfais  table  are  applied  in  several  methods  rf  radnciag  the 
mMraut  to  the  true  distance.  They  are  to  be  taken  out  with  the  given  dmee 
«c  tha  moMi'a  apparent  altitude  at  the  top,  and  the  nearest  less  tenth  second  of 
heriaoDtal  parallax  in  the  left  side  column.  The  proportional  part  fi>r  the  miuutes 
sf  altitude,  whidi  b  subtractive,  is  found  bf  nnttiplyiog  the  diffefence  to  100 
I,  t«ken  out  of  the  rl^t  aide  column  opposite  the  horinmtal  parallax,  by 
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XXTl.  EXFLAKATtOM  OP  THE  TABLB8. 

the  given  minatea,  uid  Mrilting  off  two  figures  to  the  rigkt ;  that  a  ^ 

the  unit  uccmdi  of  parallax  is  found  at  the  bottom  part  of  tlie  page  nndo'  tbe 
~iT«i  seconds,  and  u  also  subtractive.  This  IwEaritlun  is  Uliemse  to  be  further 
iminialied  b^  a  number  taken  horn  Tables  XL.  or  XLI.  corresponding  to 
the  sun  or  star's  apparent  altitude ;  or  from  Table  XLIX,  when  a  planet  ia 
obserred. 

ExAUFiiB  I.  Required  the  If^arithmic  difference  corresponding  to  the  moeo'i 
apparent  altitude  65°  35',  the  sun's  apparent  altitude  32^59',  and  the  moon's 
hwisontal  parallax  67'  30".     (See  Example,  p.  272.) 

Lug.  difference  to  moon'i  appueni  tit.  eS°,  and  hor.  par.fir  W,U     0. 993617 
The  diff.  SB  multiplied  by  3I>',  pret  die  prop,  p    '  "    '' 

Proportional  part  to  0"  of  moou'i  horiioutal  pai 
Cornctioa  for  lun'i  apparent  altitude  33°,  (Table  XL.).,. 

Logaritlimic  difference  rsiiuiied „ 9.0S357fi 

Example  II.  Required  the  losarithrotc  difference  corresponding  to  the 
moon's  apparent  altitude  29^23',  ue  star's  apparent  altitude  48°  16^,  and  the 
moon's  horizontal  parallax  &Q'30".     {See  Example,  p.  276.) 

Log.  difference  to  moon'*  apparent  alt.  16°,  and  hor.  par.  bV  30",  U    9. 997056 

ThediffL  I8B  multiplied  by  iS*,  girea  the  prop- pan —  13   T 

Froportiooal  part  to  0"  of  moon'i  horiionial  paraliai  „.  " 

Correction  for  icar'a  apparent  altitude  48°(Table  XLL)... 

Logarithmic  difforeitce  nquired 9.997VI3 

Example  III.  Required  the  logarithmic  difierence  corresponding  to    the 

■  ■tude27°7',  themoim't 

1  paraUax  14".      (&« 


.AAnfLK    111.    nequjreu   luu  m^^v^iuiiuic   uiuisiifiictf    CO  ^ 

n's  apparent  altitude  71°  ^d',  a  planet's  apparent  altitude  2^  7'>  tbe  d 
lontal  parallax  54'11",  and  the  planets  horizontal  [      " 


Example,  p.  279-) 

Log.  diff.  to  moon'i  apparent  alC  71%  and  moon'i  bor.  par.  S4'  llV,  ii    9. 99371S 

The  diff.  68  multipUed  by  59',  giTci  tbe  prop,  pan _■'>'> 

Proportional  part  to  I"  (rf  moon'i  bociconcal  panllax  ...  - 
Corr.  for  planet'iapp.  alt.  !7°,  and  hor.  par.  U"(XL1X.)  - 

Logarithmic  difference  required 


:;;:::: 'J  I  - 

-)...  -  11  J 

B.KS 

ce  correspondii 
altitude  48°  1( 
..  276.) 
.66'30",  U    9.99 

■:  =  1}- 

correspc 
tude  2^ 
J  parallt 

I'  liv,  ii 


TABLE  XL.  XLI. 

■To  correct  the  Logarithmic  Difference. 
These  tables  are  intended  to  correct  the  tt^arithmic  di^rence  for  the  son  or 
a  star's  apparent  altitude,  with  which  they  are  to  be  entered,  and  the  oonv* 
■ponding  number  subtracted  irom  the  logariuimic  difference,  aa  shewn  abore, 

TABLE  XLII. 

Ampliludet. 
This  table  is  intended  to  expe«lite  the  method  of  finding  tbe  Tariation  of  the 
otxnpasa  by  ctrnparing  the  magnetic  with  the  true  amplitude :  the  tatter  is  bwe 
taken  out  by  inspection,  being  given  in  degrees  and  minotes,  and  is  to  be  fonnd 
with  the  declination  at  tbe  top,  and  tbe  latitude  in  tbe  leftside  otdumn.  More- 
orer,  when  the  minutes  of  the  latitude  ur  declination  are  nearly  30,  oc  half « 
degree,  the  mean  of  tbe  amplitude*  found  for  the  two  nearest  d^reesi,  wilt  gj^i* 
the  amplitude  required  nearly,  as  shewn  in  the  following  e: 
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EXPLANATION  OF  THE   TABLES.  ZZVII. 

EXAMTLS  I.  What  is  the  ran'i  true  amplitude  in  latitude  51°  31'  N.,  wbea 
the  declination  ii  BPf 

Tnie  unplitude  by  TMe  for  latitode  SI"  and  dedinatioD  8°   12°  47' 

Ihtio  for  lulnidt  M  ud  declination  B     13      4 

i}35    51 
San'i  true  ampUtiide  required  13    65 

Example  II.  Required  the  sun's  true  amplitude  in  latitude  34*^5',  when  the 
declination  is  18°  ^. 

True  Binplitude  bj'  Table  tar  latilude  34°  and  deelination  18° SI"  53* 

Ditto  for  ta^tude  34   and  declination  19  83      J 

»)«      0 
Snn'i  true  amplitude  required „    tS    30 

ExAHFLB  III.  On  what  points  of  the  horizon  does  the  sun  rise  and  set  in 
latitude  57°  36' N.,  when  hu  declination  is  18^  28' S.  ? 

Son'a  true  amplitnda  for  latitude  57°  and  declination  IS°    34°  34' 

Ditto  for  latitude  57  and  declination  19     36    43 

Ditto  for  latitnde  SS   and  declination  18     35    40 

Ditto  for  latitode  58  and  dedinatian  19     37    54 

4)144    91 

Sim'*  true  amplitude  required  36    13 

Hence  the  loii  rieet  E.S8°  IS*  8..  or  S.  E.  }  E.,  and  aeta  W.36°  13'  S  ,  or  8.  W,  j  V. 

In  the  same  manner  the  true  amplitude  of  the  moon,  planets,  or  stars  may 
be  found  when  thdr  declination  and  the  latitude  are  given. 

TABLE  XLIII. 

Settndiumal  and  Seminocliirnal  Archet, 
Forjfiding  ike  Time  of  the  Biting  and  Setting  of  a  Celettial  Object. 

This  table  exhibits  half  the  time  that  a  celestial  object  continues  above  the 
horizon  when  the  declination  and  latitude  are  of  tlie  same  name ;  at  below,  when 
they  are  of  contrary  names ;  usually  called  its  semidiurnal  and  seminoctumal 
arches,  from  whence  the  apparent  time  of  itti  rising  and  setting  may  be  com- 
puted. These  are  to  be  taiten  out  with  the  latitude  in  either  side  column,  and 
the  declination  at  the  ton ;  then  the  angle  of  meeting  will  point  out  the  arch 
required,  which,  if  the  oDJect  be  the  sun,  will  be  the  apparent  time  of  its  setting, 
when  the  latitude  and  declination  are  of  the  same  name,  or  of  its  rising,  when 
tbey  are  of  contrary  names ;  and  this  subtracted  from  IS  hours,  will  give  the 
apparent  time  of  the  sun's  rising  in  the  former  case,  and  of  its  setting  in  the 
latter:  double  the  time  of  bis  rising  will  be  the  length  of  the  night,  anddonble 
the  time  of  bis  setting,  the  length  of  the  day. 

Example.  Required  the  apparent  time  of  the  sun's  riemg  and  setting,  with 
the  length  of  the  day  and  night,  in  latitude  51°  SI'  N.,  when  the  decimation 
ia20°N. 

*  D2 
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StTVL  K&fLAHATION  OF  THE  TASUn. 

Tbfl  tfaw  iMiwriiig  to  UUwdc  81°  ami  d>{iBn«lM  W  I*   .« n.lTii' 

Ditto  to  latitude  63  and  dadinatioa  90  I*   7    U 

S)IB     IS 

App.  time  of  (he  inn'i  Htting,  liecmiua  Ut.  uid  dccUii.  an  both  Ninth      ]     tS 

Appamit  time  of  the  nui'i  riling 4     II 

Double  the  riling  glm  the  length  of  the  night  in  apparent  tfaof 8     SI 

Double  the  letting  givei  the  length  of  the  day  in  ditto        If     W 

To  find  the  apparent  time  of  a  itar'a  ruing  and  settuw,  mbtract  the  nin'i 
right  ascension  tiram  the  star's  right  ascension  (increasing  ue  star's  ri^t  ascen* 
sion  hj  24  hmus,  if  it  be  less  thsn  the  sun's),  and  the  remainder  wdi  be  tte 
approximate  time  of  the  star's  |)as«ing  the  meridian*;  thoa  tbe  latitude ud 
declination  found  in  the  table,  will  give  the  time  the  star  takes  in  Bscesdi^ 
from  the  horizon  to  the  meridian,  and  descending  from  the  meridian  to  die 
boriaon,  trhen  they  are  of  the  same  noma :  therefore,  if  these  houn  and  mtinilsi 
be  subtracted  from  the  time  of  its  passageovertbemeridion,  the  remainder  will 
be  the  apparent  time  of  its  rising ;  aaa,  if  added,  the  sum  will  be  the  time  «f 
its  setting. 

But  when  the  latitude  and  declination  ore  of  eoatnrj  "■"■"t,  the  rime  fbnnd 
OS  above  will  be  half  the  star's  continuance  under  the  horison  ;  oonsequoitlf  it 
is  to  be  subtracted  from  12  hours,  to  give  half  the  thne  of  its  continuance  sbmt 
the  horiioB ;  with  which  proceed  as  before. 

EzAKPLB  1.  At  what  apparent  time  does  the  Star  Arctnnis  rise  and  set « 
June  1st,  in  latitude  51°  North  ? 

Star'i  right  aweniiuu  by  Table  XIII Uh.  Sa>. 

Snn'i  right  atcenuon,  June  tm  by  Table  XIV 4    SS 

Approximate  time  of  the  ■tar'apauing  the  meridian 9    » 

Time  aniirering  w  Utitude  31°  N.,  and  ilar'i  declination  20°  N.,  is      7    47 

Remainder  givea  the  time  of  the  atar'i  riling 1     4S 

Sum  pvM  the  time  of  the  star'i  letting  17    10  P.M. 

Or_.      6    MAUL 

EzAMPLK  II.  At  what  apparent  time  does  the  Star  Regnlns  rise  and  set » 
May  lOth,  in  latitude  33°  South? 

Star's  right  auenilon  by  Table  XIII 10b.  On. 

Sun'i  right  aweniiaB,  Hay  lOtb,  by  Table  XIV,  _...      S      B 

Approximate  time  of  the  itar'i  pairing  the  meridian 8    SI 

Time  aniwering  to  latitude  W  S.,  and  nar'i  decUnatlon  IS°  N^  ii  )    c    m 
6h.  34m.,  which  lubtracted  from  IS  koun,  ii |   a    » 

Remainder  girw  tha  time  itf  the  itu'i  riiii^ 1    18 

Sum  giren  the  time  of  tlia  Mar'i  letting  U    18F.BI- 

Or...      0    ISA  .M 

■  The  time  of  60  of  the  priDCipal  stare  pairing  the  mwMian  throogfaout  the  year  will  te 
found  in  Table  XLIV. 
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KXrUAHATlOU  OF  THK  TABIDS.  kzix. 

Uan.—lt  the  tune  of  the  nm  or  ■  Btar's  risiiif  or  Betting  be  required  in 
Java  lime,  the  eqiuition  of  time  talien  from  the  F^ntical  Ahnanac,  muat  be 
milled  t»  the  apparent  time,  ftrand  u  in  the  preceding  Examples. 

After  the  same  manner,  the  mean  tim,e  of  the  rising  and  setting  of  the  planets 
mtf  be  compnted,  abserving  to  take  out  their  declination  and  passage  onr  the 
meridian  from  pages  267  to  358  of  the  Nautical  Almanac  for  1835. 

To  find  the  time  of  the  risine  and  tetdng  of  the  moon,  the  time  of  her  passsM 
oTcr  the  SMridisn  of  Greenwich  in  mean  time  is  to  be  taken  frnm  Page  I V. 
of  the  mcmth  in  the  Nautical  Almanac,  to  which  the  minutes  from  Table  XVI, 
lie  to  be  applied,  in  order  to  obtain  the  time  of  its  passing  the  meridian  of  the 
gireo  place ;  then  the  semidinmal  arch,  found  as  before,  answering  to  the  moon's 
osclination  at  the  time  of  its  passing  the  meridian  (given  in  Psges  V.  to  XII. 
of  each  month  in  the  Nautical  Almanac),  and  the  latitude  of  tae  place,  sub- 
tncted  from  the  aboTe  reduced  time,  will  gire  the  approximate  time  of  the 
bmod's  rising,  or,  added  thereto,  will  give  that  of  its  settmg.  But  as  the  moon 
ehaiues  her.  place  in  the  heavens  very  ropidlj,  if  greater  accoracy  be  required, 
the  declination  must  be  taken  from  the  Nautit^  Almanac  correepondine  to  the 
tpproximate  tune  of  its  rinng  or  setting  reduced  to  Qreenwich  time ;  then  the 
Mmidiumal  arch  being  again  found,  and  corrected  by  adding  the  minates  from 
Tible  XVL  ootrespoading  themto,  and  the  daily  variation  of  her  passsge  over 
the  meridian,  the  sum,  subtracted  from,  or  added  to,  the  reduced  paas^e  over 
tk»  meridian,  will  give  the  mean  time  of  her  rising  or  setting  very  near^. 

ExAUPLB.  Required  the  mean  time  of  the  moon's  rising  at  St.  Helena,  im 

Utitude  15°  55'  S.  and  lon^^tude  5°  43'  W.,  on  July  8, 1835. 

laFtge  IV.  of  July  Id  thi  Nantkal  Almanac,  the  timeofthemooa'i 

r"""g  ttta  maridiaD  of  Oi«eDwich  ia  lOh.  46m.,  m  which  one 

minute  (the  nureibet  from  Table  XVI.  aiuwering  to  the  daily 

vartadoD  SSm.  and  lootptode  6°  iZ')  being  added,  glnm  the  time 

other  pauing  the  mendien  of  St.  Helena    

Time  aneweriDg  to  latitude  lS°S.and  moDn'tdedlnatioD  Sl^'S.... 


lOh.  47m. 


Cvi«epODdlTig  Greenwich  time  ... 


The  moon's  declination  at  this  time,  by  Page  VI.  of  July  in  the  Naudeal 
Ahnanac,  is  24°  47'  South. 


Sanaidhunul  ardi  eoneeted... 


Cme  of  the  moonV  riling 3    99 

It  most  be  understood  that  the  above  methods  ore  only  approxmalioiu,  and 
JBMj  deviate  two  at  three  minutes  from  the  truth  ;  but  it  is  presumed  they  will 
be  Iband  suffidenUy  exact  for  most  nautical  purposes. 

Hie  semidiurnal  and  seminoctnmal  angles  may  be  found  independent  of  this 
taUe,  by  adding  together  the  log.  tangents  of  the  given  latitude  and  declination, 
whidi  sum  will  be  the  log.  sine  of  an  ardi  in  degraee,  &&  to  be  reduced  into 
time,  and  increased  by  six  hours. 


):,GoogIc 


ntX.  EXPLANATION-  OF  THE  TA8LKI. 

TABLE  XLIV. 

To^find  the  Time  qflhe  priitcipai  SUtri  pattiMg  tie  Meridian. 

In  this  table  the  apparent  time*  of  61  of  the  priadpal  stars  pasring  tbe 
meridian  are  siven  for  every  fifth  dav  of  each  month  tlinmgboiit  the  jvar, 
begimiing  on  £e  first  day  of  each  month ;  and  since  the  stars  perform  a  rero- 
lution,  or  return  to  the  meridian,  in  23  hours,  66  minutes,  and  4  seconda  of 
mean  solar  time,  that  is  about  4  minutes  earlier  er«y  day,  when  the  time  of 
their  transit  is  required  for  any  intermediate  day,  it  may  be  found  by  multiply- 
ing the  number  of  days,  since  the  preceding  one  given  m  the  table,  by  4,  and 
subtracting  the  product  from  the  time  of  the  transit  on  that  day:  the  remainder 
will  then  be  the  apparent  time  of  tbe  transit  on  the  day  required.  Suppose,  for 
example,  we  want  to  know  at  what  time  the  Star  Aldebaran  wilt  pass  the 
tneri^an  on  February  1 4th.  Now,  by  the  table  it  appears  that  the  star  will  paH 
the  meridian  on  the  11th  of  that  month,  at  6h,  46m. ;  then  to  find  the  time  of  its 
transit  on  the  14th,  multiply  3,  the  number  of  dsvs  since  the  1 1th,  by  4  ;  tbe 
product,  12  minutes,  subtracted  from  6b.  46m.  will  give  6h.  34m.,  the  time  eS 
the  star's  passage  over  tlie  meridian  on  the  14th  February. 

The  times  shewn  in  the  table  beine  only  approximations,  may  deviate  two  or 
three  minutes  from  the  truth,  hut  will  nevertlieless  be  sufficiently  exact  far  tbe 
purposes  to  which  they  are  intended  to  be  applied. 

By  the  assistance  of  this  table,  the  method  of  finding  the  latitude  by  tbe 
meridian  altitude  of  a  star  will  be  greatly  facilitated ;  for  when  we  know  at 
what  time  nearly  a  star  will  pass  the  meridian,  and  its  approximate  altitude  at 
that  time,  there  can  be  no  difficulty  in  making  the  requisite  observation  to 
determine  the  latitude :  these  opportunities  occur  A^quently  in  the  course  of  a 
clear  night,  and  may  be  put  in  practice  by  anv  person  otherwise  unacqiiaioted 
with  the  stars  in  the  heavens ;  which  we  shall  endeavour  to  explain  by  a  few 
examples. 

In  the  first  place,  the  altitude  of  any  star  when  paasing  the  meridian,  msy  be 
found  by  adding  ti^ther  the  co-latitude  of  the  place  of  observation,  and  the 
declination  of  the  star,  when  they  are  of  tbe  same  name,  or  taking  their  diffid- 
ence when  of  contrary  names :  the  altitude  to  be  reckoned  from  the  South  point 
of  the  horizon,  when  the  latitude  is  North,  and  tbe  contrary  when  South ;  bat 
when  the  sum  exceeds  9(P,  it  is  to  be  taken  from  180°,  and  reckoned  from  the 
oppoeite  point  of  the  horiion,  that  is,  from  the  North  in  North  latitade,  and 
from  the  South  in  South  latitude. 

Thus,  having  the  time  of  the  star's  transit,  or  passage  over  the  meridian,  by 
the  table,  and  its  meridian  altitude  nearly  by  calculation,  set  the  index  of  the 
quadrant  to  that  altitude,  and  a  fow  minutes  before  the  time  of  the  star's  transit, 
direct  the  sight  towards  the  North  or  South  points  of  the  horison,  aa  shewn 
above,  and  the  reflected  image  of  the  star  will  be  perceived  in  the  horimn-glass, 
npon  or  near  the  horicon,  which  being  brought  into  contact  with  it,  and  kept  mi 
until  the  star  arrive  at  its  greatest  or  meridian  altitude,  and  the  arch  read  off  the 
quadrant,  the  correct  latitude  may  be  found  by  calculation. 

ExAMPLB  L  Suppose,  on  tbe  evening  of  July  6th,  tbe  ship  being  in  latitude 
SfPSty  N.  by  account,  about  nine  o'clock,  the  latitude  be  required  by  observing 
the  meridian  altitude  of  a  star.  Now  by  the  table,  the  Star  Antarea  will  pass 
the  meridian  on  that  day  about  9h.  16m. ;  also  by  Table  XIII.  the  declinacian 
of  that  star  appears  to  be  26^  3*  S. ;  therefore  from  the  complement  of  the  Utinde 
53°30'  N.  subtract  the  star's  declination,  because  they  are  of  contrary  names, 
■nd  the  remainder  wilt  give  the  meridian  altitude  27^27',  to  which  set  tbe 


b,  Google 


ESrl-&KATlaN'  OF   THE  TABLKS.  XZB. 

iadexoftbeqgadnat,  and  directing  tbs  n^  to  the  Sontli  paiiit  of  the  borino, 
obKrre  the  uteridnn  altitude  of  tb«  Star  Antares,  and  thence  dedooe  the  latitude. 
There  u  not  the  least  danger  of  mittaking  the  star,  at  no  other  will  hare  the 
nme  meridian  altitude  at  that  tiioe. 

EzAMPLK  II.  What  atar  will  be  on  the  meridian  about  ah.  A.  M.  on 
February  3d,  and  what  will  be  its  meridian  altitade,  nppoaiiig  the  latitude  of 
the«luptabelJ='40'N.  by  accoont? 

Bt  TiUe  XLIV.  Aa  Star  Arcunu  wiD  mm  tk«  mvilian  m  )  .«.    t 
Ftbraan  1«  »».„ _....™.  f  '"^  "^ 


Anjtnm  vfll  ftt  Ae  nwriiian  on  Fcbmar;  U  at. „ 16 .  58  P.  M. 

IS      0 

Or...      4    UA.H. 

Ulitada  of  iha  lUp  by  Mxaaat - » 15°  iVV. 

M 

t  at  ibe  latitada. 7*    M  N. 

(fArctonut^TahUXlU. »      3  N. 

M     S3 

ISO 


HerUiau  akitiida  of  Afcnmu  doat  tLa  North  puiut  of  the 


J   8S    37 


When  the  complement  of  a  star's  declination  is  leas  than  the  latitude,  of  the 
(stoe  name,  the  star  will  not  rise  or  set,  but  pw«  the  meridian  below  the  pole 
llh.  58m.  after  it  has  pnssed  the  meridian  abuTe  the  pole :  its  altitude  being  . 
then  obeerred,  the  latitude  may  thence  be  found  by  rules  laid  down  for  that 
purpose  in  rage  189. 

Its  meridian,  or  least  altitude  at  that  time,  is  found  b^  subtracting  the  oom- 
plement  of  the  declination  from  the  latitude;  which  tltnnd»is  to  be  reckoned 
mm  the  North  or  Sonth  punts  of  the  horiion  according  to  the  latitude. 

ExAifPi,B  III.  At  what  time  will  the  Star  Dubhe,  in  Ur^  Major,  be  on 
the  meridian  below  the  pole  on  December  16th,  and  what  will  be  its  meridian 
■Ititnde  at  that  time  in  utitude  45°  40'  N.? 

TimeorDabbe'itruuitabaT«thepole,I>cc.llUhTableXLIV.    IThSTm. 
Number  of  dayi  to  Deoanber  Uth,3x4= «....     —     li 

IWe  of  Dnblia'i  tmuit  aboTs  the  pole,  Deconber  Uth. IT    S5 

Half  intnral  of  the  uar**  revohition- 1 1    SB 


ThM  of  DdUmi's  bansit  below  the  pole.  Deoember  IStb 5    SI  P.  M. 

Dadinatlon  of  Oubbe  by  Table  XnL 69°  Sff  N. 

M 

CampIeoMDt  of  the  dediDStJon  S7     91  N. 

Latitude 4t    *0  N. 

Msridisa  altitude  of  Dubhe  belov  the  pide  from  the  North  point  \,a     •» 
«r the boriaon  fZ. f  IL... 
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BzAMPU  IV.  At  wbkt  time  will  the  Polar  Star  pa«  the  meridlM  InAmt 
the  pcA'  on  Mardi  6th,  mnd  what  will  be  its  tneridiui  altitade  in  ktitada 

TtiiiaofthaPal*rSMr'*U«iiiItaborathepida,hUnlieth(XLIT.>      Ih-SOm. 
Half  InMrral  of  tt»r>  nraladoa  .^~... „ 11    58 

13    48 
18 

llDMdf  tlwPalw8t>r'itniiiltUla>UupoIa,Uudi«tli 1    48A.M. 

DKJIiiuIan  of  thB  Pohr  SUr  by  Tible  Xin 88°  sy 


Forfatding  the  Time  moH  adoatUageOHifir  obterving  the  Altitude  o/*  a  Celetiial 
Object,  n  order  to  atcertain  the  Apparent  Time. 

The  mwt  advantagecma  time  for  obfeiring  the  altitude  of  a  celestial  object, 
ftom  thcoee  to  deduce  the  apparent  time  at  the  meridian  of  a  given  place,  is 
when  the  diject  is  in  the  prime  vertical ;  that  it,  when  it  bears  true  East  ot 
West  from  the  observer,*  or  is  at  its  nearest  approach  to  those  points  :-t'  this 
table  is,  therefore,  intended  to  determine  those  times  when  the  latitude  and 
declination  are  both  of  the  same  name ;  for  when  they  are  of  contrary  names, 
the  object  is  nearest  those  points  when  in  the  horison ;  and  in  thst  case,  the 
obaervation  ihould  be  made  when  it  is  near  the  horizon,  but  not  at  a  leia 
altitude  than  6  <v  7  degreea,  on  aoconnt  of  the  uncertainty  of  refraction  at  low 
altitudes. 

The  table  is  to  be  entered  with  the  nearest  d^ree  of  declination  at  the  top, 
and  degree  of  latitude  at  the  side  ctdumn,  which  will  give  the  time  from  Doom 
reqnir(3,  if  the  object  be  the  mm  /  but  if  it  be  a  ttar,  proceed  thus :  find  tin 
time  of  the  star's  paassfce  over  the  meridian  on  the  given  dav  by  Table  XLIV., 
and  the  time  corrceponding  to  the  latitude  of  the  place,  ana  the  declination  of 
the  star,  fimn  the  present  table ;  which  subtracted  from,  or  added  to,  the  time 
of  its  transit  oTer  the  meridian,  according  as  the  observation  is  to  be  made  befbiw 
or  after  its  transit,  the  result  will  be  the  apparent  time  required. 

Example  I.  At  what  time  will  the  sun  be  in  the  prime  vertical,  or  bear 
W«t,  on  May  Khh,  183S,  in  ktitude  31°  45'  N.  ? 

By  Table  X.  the  sun's  declination  on  May  aOth,  1835,  is  19°  SS'  North. 

The  latitude  3SP  in  the  left  ride  column,  and  the  dedlnatien  90°  at  tlie  top, 
give  Sb.  36m.,  the  apparent  time  required,  after  noon. 

*  Whin  the  objact  ii  in  the  prime  vartical,  the  dungs  of  sltitods  Id  irae  teaoDd  of  dn* 
TiU  be  =  IS"  X  CD-line  of  the  UUtuda. 

-f-  When  ths  Isdtodc  ii  Isu  iban  the  declination,  and  of  the  ssins  Dsote,  the  algcct  wiQ 
not  pau  the  prime  vertieal,  or  Esit  ind  Weit  pinnu;  but  iti  nearest  approach  dieieto  i^  bn 
when  iti  diurnal  circle  colnddm  vitb  nn  ■zininth  circle. 


):,GoogIc 


exPLANATIOK  OF  THE    TABLKB.  r<r»iit 

I     BxAHFLB  II.  At  what  time  will  die  ran  be  at  ft«  neareat  ^prooch^to  tba 
prhne  vertical  before  noen  on  February  5th,  1835,  in  latitude  It^SO^buth^ 
By  Tabl«  X.  the  ann'a  deeUnation,  February  5th,  1835,  is  ISP  3'  S. 

Time  oonMpMidlng  to  latitude  10°  and  declination  16°   ...„ _..,      3h.3Sni. 

Ditto  tolatitnda  Ifuid  dedinalien  19>  f 8      9 

>)   6  'a7 
Ditto  tolBCitud«  10°8O',andd*i^atlaD  16° 3     18 

In  this  example  the  latitude  being  less  than  the  deeUnation,  and  of  the 
nme  name,  the  nm  will  not  bear  Eaat,  but  will  be  at  its  nearest  approach  to 
that  point  at  3h.  ISm.  before  noon,  that  ia  at  8h.  4£hn.  A.  M.  apparent  time. 

ExAMPLs  III.  At  what  time  wilt  the  Star  Regulus  bear  due  East  on 
Febntary  6th,  in  latitude  4T  North. 

Aj^iarsnt  timr  of  ttar't  traorit,  Fsbruary  Sth,  (Table  XLIV.)  ...  12k.  S9m. 

Time  ooirawmdliiK  to  itar'i  dKllnation  13"  N.,  (Tabla  XIII. ))         e     m 

■nd  iMitndeiT'N. J^  -    6     lU 

Apparaat  dm*  of  (tar*!  beuing  due  Eut  7    39  P.M. 

Example  IT.  At  what  time  will  the  Star  rx  Arietii  bear  nearest  to  the  weat 
put  of  the  horixut  on  September  96th,  in  latitude  1 7°  &'  North. 

Apparant  time  of  itar'straiuit,  September  26tb,  (Table  XLIV.) 13h.44iii. 

Time  oorreeponding  to  star'*  deelinMioi  aS^WN.,  (TablsXEII.))    a    ca 
and  Utitode  ir?  N.    „ „ ..]  '    '* 

nnwof  tbeitar'iaeareit  appmacbio  tbe  Waatpmntoftlubariioi]...     IS    S4  P.M. 
Or...      4    34  A.M.; 

In  a  similar  manner,  the  time  when  a  planet  is  on  or  near  the  prime  Tertical 
may  be  aaceitained  by  taking  out  the  mean  time  of  its  posRsee  over  the 
meridian,  and  its  declination,  from  the  proper  page  in  the  Nautical  Almanac. 

NoTK.  Aa  the  meridian  passages  of  the  planets  and  the  moon  are  given  in 
the  Nautical  Almanac  for  mean  time,  the  time  when  they  are  on  or  near  the 
prine  rertical,  may  be  reduced  to  apparent  time  by  applying  the  equation 
taken  ftom  Page  IL  of  the  month  in  the  Nautical  Almanac. 

ExAHPLB-  Required  the  most  advantageous  time  for  <^>Berring  the  altitude 
of  the  Planet  Jti^ter,  after  its  meridian  passage,  on  January  4,  1835,  in 
vder  thence  to  compnte  the  time  at  the  meridian  of  a  giren  place  in  bti- 
tnde4»'N. 

Ha*idaMoftheplBiiot'imerid.i>aH«ge,Jaii.l,lt]3S(F.823,N.Ao      9h-  7m. 

TisM  cornipondiiv  to  Ut.  48°  ^.,  and  dad.  «0°  N.,       (ditto)     it      4    43 

HesD  time  ef  the  pUnM'i  beujng  WoM  - 13    SO 

Eqaatlon  at  time,  by  Faga  II.  of  the  Nautical  Almanac —      S 

Appaieut  time  cf  the  planet'i  bearing  Wait IS    49  P.  M. 

Or...       1     45  A.  M. 

If  the  time  when  the  nioon  is  on  or  near  the  prime  vertical  be  required,  find 
the  rocao  time  of  its  meridian  passage  at  Greenwich,  by  Pjge  IV.  of  the  month 
*  E 
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XUT.  XXFLANATIOK  OP  THE  TABLKa. 

in  the  Nmatical  Alnuouc,  which  rednce  to  the  time  of  iti  paning  the  mendian 
of  the  girea  plice  by  Tetble  XVI. :  then  find  the  correapondiiig  tune  at  Green- 
wich, M  directed  in  Page  ]55 ;  and  take  out  the  moon'a  decUnaticm  from  the 
N&utical  Almanac,  owreapondiiig  to  this  time. 

With  the  moan's  declimition,  and  the  latitude  of  the  giren  place,  find  tlie 
time  by  the  present  table.*  Add  to  this  time  the  minutes  corresponding  to  it, 
and  the  moon's  daily  Tariation,  taken  from  Table  XVI.,  and  subtract  tbe  sum 
from,  or  add  it  to,  the  time  of  the  moon's  meridian  pttssaee  at  the  giren  place, 
according  as  the  (rfwervation  is  to  be  made  before  or  after  it,  and  the  result  wili 
be  tbe  mean  time  required,  which  may  be  reduced  to  apporrat  time,  by  applying 
the  equation  from  Page  II.  of  the  Nautical  Almanac- 

fixAHFLB  I.  Required  the  apparent  time  when  the  moon  will  be  on  tbe 
prime  vertical,  or  bear  due  West,  on  August  4,  1835,  in  latitude  34°  56  S., 
and  longitude  7^  Eut. 


m  puMS  the  merf  disn  of  tbe  ) 


Mesn  time  ol  the  moon'i  meridian  pwuge  st  the  glten  place 8    SB 

Time  bf  the  table  cinT«ipandin|-  to  34"  &  (the  maon'a} 

dedinatkm  si  3h.84m.  Qraenwich  meair  time,  by  J-   Sk.atin.) 

Page  V.  of  the  Naut.  Aim.),  and  latitude  3S°S I  J-  S     SO 

Corr.  fur  daUf  variation  Uhii.,and31k.Sam.  (Table  XVI.)  +     8     ) 


Mssn  time  wben  the  moim  bears  Watt  tt  the 

girta  place. 

EquBliem  of  time  by  Page  IL  of  the  Nautical  Almi 


m  bean  Vest  of  the  meridian  at  the) 


Example  II.  At  what  apparent  time  will  the  moon  be  nearest  to  tbe  prime 
Tertical,  before  it  has  passed  the  meridian,  on  October  11,  1835,  in  latitudie 
13=  N.,  and  longitude  G^  W. 

Mean  time  of  tbe  moon't  meridian  pasiage  at  Otasnwich,  Oct.  11,1 

by  PagelV.  of  the  Nautlod  Almanac  f 

CoTT.  for  duly  Tariation  SOm.,  and  longitude  6S°W.  (Table  XVI.) 


Il6h.4em. 


Ibd  pBHsge  at  the  given  place 15    M 

leXIX.) 4    33 

in  fUMut  the  meridian  of  the  1  u    «. 


*  The  time  bund  by  the  uble  will  not  be  quite  correct,  rinte  it  it  taken  oat  iriili  i^ 
— •.  i-j: — ^ —  ^f  ^g  (jp^  gf  j^  meridian  pa«ag«,  whereaa  it  ahould  be  br  the  tiiaa  i£ 
the  prime  rerticat  {  but  the  remit  vill  be  luffidentlj  nou  the  tniUi,  far 
h  it  u  here  applied. 
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EXPLANATION  OF   TBI  TABLBS.  X 

Uaan  time  of  the  mooD'a  meridlKD  paMBge  U  th»  given  ]d«M  ISLUnk 

Tims  from  table  oorraipoDdiiig  to  K°  N.,  (the  b      '  ' 


dacHnmtioa  at  Wh.  S7m.  (heenwich  mwu  time. 


Lime,  by  l  41u    Im. 


HettD  dm*  when  the  DMm  i*  neutet  the  prime  verdeal,  to  the),,     .. 

Eutwud J"    " 

Equation  of  time  by  Page  If.  of  the  Nautical  Almanac +     19 

i^pDHeni  time  vhen  the  moon  it  nearett  the  prime  venicel,  to  the )  . ,    50  p  w 

TABLE  XLVI. 

Farjin£ng  the  Alliludeofa  Celettial  Object  mott  advantageeutfir 

atcertaining  the  Apparent  Time. 

By  tbia  table  the  altitude  of  a  celestial  object  may  be  found  nearly,  f/hea  the 

abject  is  in  the  prime  rertical,  or  at  its  nearest  approach  thereto.     It  is  to  be 

entered,  aa  in  the  last  table,  with  the  declination  at  the  top,  and  the  latitude  in 

the  left  column. 

EzAMPLB  I.  Required  the  altitude  of  the  sun  when  it  is  in  the  prime 
vertical.  May  20,  1835,  in  latitude  31°  45' N. 

The  latitude  33P  in  the  left  column,  and  the  declination  20°  at  the  t<q),  give 
the  corresponding  altitude  40°  12'. 

ExAHPLB  II.  Required  the  altitude  of  the  Star  R^;ulus,  when  it  bears  due 
Ea«  or  West,  on  February  6,  1635,  in  latitude  AT  NT 

The  altitude  in  the  table,  corresponding  to  latitude  4^,  and  the  star's  decli- 
nation 13°,  is  nearly  ItP. 

EsAHPLB  III.  Required  the  altitude  of  the  Planet  Juinter,  on  January  4, 
18ft5,  when  it  is  in  the  prime  vertical,  in  latitude  48°  N. 

The  altitude  corresponding  to  latitude  48^,  and  the  planet's  declination 
Iff'Sfl'N.,  U8bout27'24'. 

EzAHPLB  IV.  What  will  be  the  altitude  of  the  moon  when  it  is  nearest  to 
the  prime  vertical,  eastward  of  the  meridian,  on  October  11,  1835,  in  latitude 
13°  N.,  and  longitude  68°  West  ? 

The  latitude  13^  N.,  and  the  moon's  dech'nation  25°  N.,  give  the  moon's 
altitude  about  32^13'. 

Note-  See  the  above  Examples  worked  in  the  explanation  of  the  preceding 
table,  for  finding  the  time  when  an  object  is  cm  or  near  the  prime  verticaL 

TABLE  XL VII. 
Loganthnuforjinding  the  C*rreelioti  to  reduce  the  Moon't  Dedinatum  or  Right 
Atcettlton  to  any  Time  under  the  Meridian  of  Greenwich. 
The  moon's  right  ascension  and  declination  being  riven  in  the  new  Ntutical 
Aluianacs  to  every  hour  of  Greenwich  mean  time,  this  table  is  intended  princi- 
pally to  reduce  them  to  any  interval  between  the  hours,  by  finding  the  propor< 
tioDal  part  of  the  change  in  one  hour :  the  figures  at  the  head  of  the  columns 


XXKVl.  tfltVLANAILOM  Of  TUK  TABUtS. 

being  taken  u  minntei  «f  an  hour  or  «  dogne,  and  tboaa  in  other  eide  cokmui 
Mwomda 

To  reduce  the  moon'a  r%bt  aecBMion  or  dedioetimi  to  aiay  grren  mean  tine 
at  Greenwich,  take  them  out  from  the  Nandcal  Almanac  tot  the  bonn  on  the 
given  day,  preceding  and  following  the  Greenwich  time,  and  find  the  honrif 
variation ;  Uen  adding  together  ita  logarithm,  and  the  togaritbm  of  the  minota 
andKcoiidaofthe  time  at  Oreenwich  since  the  preceding  hoar,  their  anu  will  bt 
the  log.  of  the  variation  or  change  in  that  time ;  which  being  applied  to  the  ri^ 
aacension  or  declination  at  the  preceding  hour,  by  addition  or  inbtractiaD, 
according  as  the  quantity  is  increasing  or  detreaaing,  the  reanlt  will  give  then 
reduced  to  Greenwich  mean  time. 

ExAMPLB  I.  Required  the  mocm'a  right  Bsceoaion  and  declinatioa,  Oduiieii, 
J835,  at  14b.  36m.  15a.  mean  time  at  Greenwich. 

Hoon'irightaMaii.Oct.e,atl4h.byPBge  VI.  Nuii.AL     Ih.  Vm.  Ita. 
Uitio,  ditto,  U  Ufa.  ditto  I     II        ( 

Variation  iD  I  bonr,  or  60  miDum 1      SO     ...Um.X.tMl 

UtaatimeatOrwiwidiafMrUh 36di.  ISi.  ...Lsf.  .SIN 

Variation  or  diangD  in  S0m,  ]5i. »...  +h.    Im.    Si.   ...Lcig.l.Ttlf 

Mood'*  rl^t  aKMuloo,  October  6,  at  Ufa I      9      IS  

Ditto,        at  Uh.  S8m.  15>.  Qrvanwicfa  mian  time    I     10      SI 

Hoon'*dwUaation,Oct.e,atUh.,byP>g«VI.N>u(.AI.    »"  SV       9"  N. 
Ditto  ditlOi  at  I9h.  dilto 3    4fl      10   N. 

TariadoD  io  1  hour,  or  60  minute* 13      SI      ...Um.  .tilt 

Mean  time  at  areenirich  aftar  Hh S6m.  IS*.  ...Ug.  ,SIU 

Variatianorcbaiinin>6m.lS>. +"    »      %Cf    ...Lag.  ^m\ 

Mood'i  dediDadon,  Oct.  6,  at  Ufa. 3    33        9  N.  

Ditto,        at  14h.  30m.  ISi.  Onenwich  mean  time    3    13      19  N. 

EzAMFLB  IL  Required  the  moon'a  right  aaeeosion  and  deolinatioB,  Hay  9, 
1835,  at  Sh.  48m.  SSa.  Greenwich  mean  time. 
Hoon**  right  aMen.  May  SS,  ml  Bh.  by  Foga  X.  Naut.  AL    Oh.43ai.  40*. 
Dillo,  ditto,    at  lOh.  ditto    0    45      36 

Variation  In  1  hour,  or  60  mlnntea I      4f     ^.Ijof.  l.itN 

Mean  time  at  Oreeowich  after  9b 48m.  36*.  ...L^   .0117 

Variation  or  diaiigc  In  48m. 35i +h.    Im.  97*.  ...Log.  I.6IM 

Mum'i  right  anjeniion,  Ma<r  SS,  at  9h 0     43       49  

Ditto  at9b.48iTu35s.Oreeiin'ichnican[iiiie    0    45       10 

Moon'*  decUnatloD,  May  SS,  at  9h.  by  Page  X.  Naui.  Al.     0°    10*      34'  S. 
Ditto,  ditto,    at  lOb.  ditto 0      3      98    N. 

VariatlMi  in  I  hour,  or  60  mtautaa 18        9       —W-  ■**>' 

Mean  time  at  Oreanwich  after  9h.  4Sm.  38*.    ...Log.  .0917 

Variation  or  diange  In  4BiD.  3Si -"  10'     33"     ...Lag.-TMl 

Maon'adecliDatioii,May  99,  at  Bh.. 0     10      34    8.  

UJtt.',  at9l..48m.3S>.Orcenaichme*atime    0      0        IS. 
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TABLE  XLVU. 

The  ParaOax  m  AUitmdtJbr  PiantU. 

Opposite  the  apporent  altitude  of  the  pUnet,  in  one  of  the  side  oolnmns,  and 
onder  the  horisontal  ponllu,  will  be  found  its  paraHax  in  altitude,  which  is 
■Iwaji  to  be  added  to  the  altitude  of  the  planet. — ExampU.  If  the  altitude  of  a 
^etbe4(F,  and  horizontal  parallax  15",  its  parallax  in  altitude  will  be  12"  bf 
the  table. 

TABLE  XLIX. 

To  comet  the  Logarithmic  Difference  ivhen  a  Piantl  it  oiiened. 

The  correodtKU  in  this  table  are  to  be  taken  out  with  the  planet's  apparent 
ihitode  in  the  right  or  left  edumn,  and  the  hmuontal  parallax  (fbuna  in  the 
Nintical  Almanac)  at  the  to^  and  is  to  be  subtracted  from  the  logarithmic 
diflerence  taken  from  Table  aXXIX. 

£zAiiPLs.  Bequired  the  correctien  of  the  logarithmic  difference  (xmetpoadlng 
to  the  apparent  altitude  of  a  planet  13°,  and  boncwital  parallax  IS". 

Offosite  12°,  and  under  \v',  will  be  found  the  corra^Mading  correction  9< 

TABLE  L, 
To  eorrect  the  AuxHiaty  Angle  nken  a  Planet  it  obterved. 

The  correctioos  in  this  table  are  taken  out  with  the  same  argnmenta  aa  the 
Uit;  that  is,  with  the  planet's  apparent  altitude  in  either  side  oMUmn,  and  the 
horiiontal  parallax  at  the  top,  and  ts  alwava  additive  to  the  auxiliary  angle  taken 
from  Table  XXX*. 

BxAHPLB.  Required  the  correction  of  the  auxiliary  angle  corresponding  to 
the  apparent  altitude  of  a  planet  65°,  and  horizontal  parallax  19". 

Op[Mmte  the  apparent  altitude  65°,  and  under  the  norioontal  parallax  19",  ia 
"      '  ilO". 


TABLE  LI. 

To  reduce  the  Equation  f^  Time  to  any  Time  at  Greenmch. 


His  table  is  to  be  entered  with  the  daily  change  or  variation  of  the  eqnadcn 
rftime  (being  the  difference  of  the  equations  at  the  preceding  and  following 
I,  taken  from  Page  I.  or  11.  of  the  month  in  the  Nautical  Almanac,  when 


they  are  both  additive,  or  both  sobtractiTe,  but  their  sum  when  one  is  subtrac- 
tive,  and  the  other  additive,)  at  the  top,  and  the  Greenwich  time  in  the  left  side 
column ;  the  corresponding  correction  is  then  to  be  applied  to  the  equation  at 
the  preceding  noon,  by  addition  or  subtraction,  accoroine  as  the  ei^uation  is 
increasing  or  decreasing.  But  should  the  correction  exceed  the  equation  at  the 
preceding  noon,  the  latter  is  to  be  subtracted  from  the  correction,  and  the 
remainder  will  be  the  reduced  equation,  to  be  applied  in  the  aame  way  as 
directed  In  the  Nautical  Atmauac  fat  the  equation  at  the  following  noon. 

When  the  Greenwich  time  exceeds  12  hours,  the  correotion  must  be  taken 
out  at  twice,  as  in  the  third  and  fourth  Examples- 

EvsHPLa  I.  Required  the  equaticnt  of  time,  Mardi  1,  183fi,  at  3  hours 
•I^Mrent  time  at  Greenmch. 
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being  uken  u  idimtM  of  u  hour  ot  •  d«gi«e,  utd  tboM  in  aitlwr  nda  cofams 

To  reduce  the  moon'i  right  lewwon  or  dadhuAim  to  aay  gnrm  mean  tima 
at  Oreenwicli,  take  them  out  from  the  Naotica]  Almanac  fin-  the  boun  on  the 
given  day,  precedine  and  following  the  Greenwich  time,  and  find  the  honrlf 
variation  ;  Uien  adding  together  ita  logarithm,  and  the  loearithm  of  the  minotca 
and  aecoiida  of  the  time  at  Greenwich  since  the  preceding  no«r,  their  ram  will  be 
the  1(^.  of  the  variation  or  change  in  that  time ;  which  bein^  applied  to  the  ri^ 
•icension  or  declination  at  the  preceding  hour,  by  Euldition  or  sabtractiao, 
according  as  the  quantity  is  increasing  or  decreasing,  the  reault  will  g[ire  then 
reduced  to  Greenwich  mean  time. 

ExAMPLB  I.  Reqoired  the  moon's  right  ascenaion  and  declination,  October  6, 
1835,  at  I4h.  36m.  15a.  mean  time  at  Greenwich. 

MooD'inglitucen.Oci.e,atl4h.brP*geVl.  Naut.AL     Ih.   »m.  16*. 
IHtio,  ditio,  at  ISb.  ditto  I     II        t 

V>riatioaiD  I  boor,  or  60  minutM 1      SO     ...Log.l.tlM 

Umd  time  at  Oraenwiai  afur  Ub SCm.  ISi.  ...Log.    .3186 

Variation  or  cban^  Id  aSm.  IS*. ».,.  +b.    Im.    6*.  ...Lofr.l.TMJ 

Hoon'f  ri^l  Mcenuoa,  October  A,  at  Nh I       S      15  

Ditto,         atUh.SSni.  ISl.Oreanwkbnmn  lime     I      ID       SI 

Hoon'idecUutian.Oct.  6,  at  Uh.,  by  PageVI.  NauL  Al.    a"  3S'       »"  N. 
Ditto  ditto,   St  ISb.  ditto 3     48       40    N. 

Tariatian  in  I  bour,  or  60  mlnut«i 13      SI      ...Ltg.    .Mi 

Mean  tine  M  Onenvtoh  aTtar  Nb 3Sm.  IS*.  ...Lng.    .9188 

Variationor  cliangain36ai.  IS*. +"    W      10*    ...Lng.    ,8M1 

Heon'i  dNlinaOan,  Oct.  6.  at  Uh. 3    3S        »  N.  

Ditto,        at  I4h.  36m.  IS*.  Granwich  dimh  time    3    43      IS  N. 

Example  II.  Required  the  moon's  right  aeoenston  and  deolinatioii.  Hay  89^ 
1835,  at  9h.  48m.  S6s.  Greonwich  mean  time. 
Hoon'*  right  taatD.  May  M,  at  9)i.  by  Page  X.  Naut.  AL    lA.  4301.  tSa. 
Ditto,  ditto,    at  lOh.  ditto    0    45      88 

Variathm  in  1  hour,  or  60  minutea I      47    ...Lok- I.5S69 

Mean  time  at  Oreenwicb  after  9b 48nk  Sta.  ...La^    .0817 

VBriatiaoorctuinggin4flin.3iia. +h-    Im.  97*.  ...Ltlg.  1.6IB< 

Uooq'*  rigbt  aKWiiian,  May  i2,  at  »h 0     43       49  

Ditto  at  9h.48ni.  85*.  Greenwich  mean  time    0    45      18 

Mood'i  dedinaUoD,  May  SS,  at  9b.  by  Page  X.  Naut.  Al.    0°   10'     34*  S. 
Ditto,  ditto,    at  )0b.  ditto 0      9      28    N. 

Variatlni  in  I  hour,  or  60 mtautaa 18        i       ■..Lag..C61l 

Mean  time  at  Greenwich  after  9h 48m.  3Sa.    ...Lc«..0917 

Variation  or  change  in  48m.  HSi -"  IV     iX'     ...Lag.. 7548 

Moon'a  declination,  May  39,  at  fth. 0    10      34    8.  

Dittii,  at  9)i.4ein.3SbGmnwicb  mean  time    0      0        IS, 
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TABLE  XLVIU. 

Tkt  ParaUtu  in  AltitwUfir  Planelt. 

Oppoaite  tli«  ^ipweat  altitude  of  the  planet,  in  one  of  the  ride  oolnnuu,  and 
nnder  tlie  horisontal  panllsx,  will  be  found  its  panHax  in  altitude,  which  ia 
alwaji  to  be  added  to  the  altitude  of  Uie  ■p\anet.---Exampk.  If  the  altitude  of  a 
planet  be  40°,  and  horizontal  parallax  15 ",  its  parallax  in  altitude  will  be  IS"  by 
tbe  table. 

TABLE  XLIX. 
To  eomcf  iht  Logarkhmc  Digerenee  whe»  a  Ptanel  i*  obtereed. 

Tha  oorreotions  in  this  table  are  to  be  taken  ont  with  the  planet's  apparent 
ihitade  in  the  right  or  left  column,  and  the  horitontal  parallax  (found  In  the 
Nantical  Almanac)  at  the  top,  and  is  to  be  subtractea  from  the  logarithmic 
diferenoe  taken  firom  Table  XjCXIX. 

ExAMPLB.  Beqoired  the  eorrecticm  of  the  logarithmic  difierence  correaponding 
to  the  ammrent  altitude  of  a  planet  13^,  and  bonEontal  parallax  15". 

Oppoaite  12°,  and  under  15",  will  be  found  the  corresponding  conectian  9. 

TABLE  L 
To  eorrect  the  AutUtary  Angle  when  a  Planet  it  obtened. 

The  crareotious  in  diis  table  are  taken  out  with  the  same  argnments  as  the 
la«;  that  u,  with  the  planet's  apparent  altitude  in  either  side  colamn,  and  the 
horixontal  parallax  at  the  top,  and  is  always  additive  to  the  auxiliary  angle  taken 
from  Table  XXX". 

ExAMPLB.  Required  the  correction  of  the  anxiliary  angle  correaponding  to 
tlie  apparent  altitude  of  a  planet  65°,  and  horisontal  parallax  19". 

Opposite  the  apparent  altitude  65°,  and  under  the  ooriaoatal  parallax  19",  ia 
the  careapmtding  correction  10". 

TABLE  LI. 

To  reduce  the  EijiiatuM  ^  Time  to  any  Time  at  Greenwich. 

This  table  ia  to  be  entered  with  the  daOjr  change  <a  variation  of  the  equation 
of  time  (being  the  difference  of  the  equations  at  the  preceding  and  following 
Mom,  taken  m>m  Page  I.  or  II.  of  the  month  in  the  Nautical  Almanac,  when 
they  are  both  additive,  or  both  subtractive,  but  their  sum  when  one  is  aubtrac- 
tire,  and  the  other  additive,)  at  the  top,  and  the  Greenwich  time  in  the  left  side 
column ;  the  correspondine  correction  is  then  to  be  applied  to  the  equation  at 
the  preceding  noon,  by  addition  or  subtraction,  according  oa  the  equation  is 
uiereasing  or  decrearioA.  But  should  the  correction  exceed  the  equation  at  the 
preceding  noon,  the  uMer  ia  to  be  subtracted  from  the  correction,  and  the 
remainder  will  be  the  reduced  equation,  to  be  applied  in  the  same  way  as 
directed  in  the  Nautical  Ahnnnao  for  the  equation  at  the  following  noon. 

When  the  Greenwich  time  exceeds  13  hours,  the  correction  must  be  taken 
rat  at  twice,  as  in  the  third  and  fourth  E^xamples. 

ExanpLX  I.  Required  the  equation  of  time,  Mareb  I,  1835,  at  3  hour* 
^Mtfent  time  at  Greenwich. 


;,  Google 


KXPLANATION    OP   THE   TAll.C 


Ddlr  diang*  or  variuioD (dMnMing)  « _....      0      ll.Uor  IlhUMrir- 


RadnoedieqiiatloDOf  tlme(tob«>dd«d  u>«n><ueiit  tiiM) IS      40.at 

Henoe  the  niewi  time  at  3  hoim  appuent  time  ftt  Onenwich,  on  Match  I, 
1835.  u3h.l2ii).40.64«. 

ExamplbII.  Required  the  eqiution  of  tiine,  on  December  3, 1835,  fttSh. 90b. 
apparent  time  at  Oreennich. 

Bquktion  of  time  it  appurnt  noon,  Dsu.  8,  by  Pagg  I.  Nnt.  AL     lOm.  8. 4b 
CorrMUon  to  daily  changa  or  Tuiation  S3. St.  and  8b. SUm.  —       8.S 

Badooed  equation  of  time  (to  b«  lubtcaclad  Irom  apparant  tima)... 

EzAKPLi  III.  Required  the  eqnatioii  of  time  on  April  8, 1 
mean  time  at  St.  Helena,  in  longitude  6°  45'  W. 

Maan  tima  at  St.  Helana 16b.  S 

Longitude  in  tiiiui(Tabla  XIX.) +    S3  W. 

Hmq  time  at  Oraaairldi „...     lA    S8 

Equation  of  time  mt  m«ui  noon,  April  8,  by  Paga  II.  of  Nant.  AL    Sm.  1.9a. 

Corr.  to  daily  nriation  17- la- and  19  houn...      —     S.Si.l  ,_  - 

Ditto  4h.S8iii....     -    8.5    ( ~     "•" 


Reduced  equation  nf  dine  (to  be  nbtncted  from  ni 


Example  IV.  Required  the  equation  of  timeon  June  15,  1835,  at  18h.  30m. 
Oreenwich  apparent  time. 

EquationaftlmaatapparentniMn,  JunelS,  byPlgel.of  Nant.  AU    On.  4.4a- 

Corr.  todaily  variation  IS. 6t.aDd  ISboon  6.3t- 1  „      -  - 

Ditiu  6h.30in 3.4    ( ^      "'' 


HeduMd  equation  (lo  be  added  to  appanut  time)  ,. 


In  thia  example  the  equation  of  time,  on  Jane  15,  at  Greenwich  apparent 
noon,  ii  Om.  4.41i.  subtractive.  and  on  the  following  noon  it  is  Oin.E23i. 
additive ;  therefore  the  equation  having  first  decreased  to  0,  and  then  increaaeil, 
their  sum  (12,64s.)  is  the  tunount  of  the  daily  variation  or  change  in  24  houn; 


and  Binc«  the  correction  is  greater  than  the  equation  on  the  15th,  at  apparent 
noon,  the  latter  ia  to  be  aubtracted  from  the  correction,  and  the  remainder  w31 
be  the  reduced  equation  Om.  5. 3s.,  to  be  added  to  apparent  time,  in  order  M 
reduce  it  to  mean  time :  hence  the  mean  time  correaponding  to  18b.  30m. 
^iparent  time,  wiU  be  18h.  30m.  +  Om.  5. 3a.  =  18b.  30m.  5. 3a. 

:  TABLE  LIL 

Etputiioiu  1^  equal  AliUitde*. 
ObBcrvatiouB  of  the  aun,  taken  when  at  equal  altitudes,  afford  an  easy  and  . 
accurate  method  of  aacertaining  the  time  shewn  by  a  chronometer  at  apparent 
or  mean  noon,  and  from  thence  ita  error:  but  since  the  ann  changea  bis  decli- 
nation during  the  interval  between  the  corresponding  altitudes,  the  middle  of 
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EXPLANATION  OF  THE  TABLES.  XXXIX. 

the  time*  by  the  duonometer  whea  they  were  taken,  will  not  be  that  Bbewn  hj 
it  when  the  son  paiaes  the  meridian  ;  and  faenoe  it  becomes  necessary  to  ap|jy 
a  correctioD,  called  the  equation  of  equal  altitudes,  to  the  middle  of  the  timea, 
which  may  be  easily  computed  aa  fbllowi,  by  means  of  thia  table. 

Rdlbs. — I.  Opposite  the  interral  between  the  observations,  take  out  the 
logarithms  marked  A.  and  B.  at  the  bead  of  the  oolamns. 

2.  To  W.  A.  add  the  log.  (XXIV.)  of  the  seconds  in  the  change  of  the  sun's 
declination  between  the  noons  of  the  preceding  and  following  days,  (taken  from 
Um  Nantical  Almanac),  and  the  log.  tangent  (XXV.)  of  the  giren  latitude  ; 
the  sum  of  these  three  logs,  will  be  the  1^.  (XXIV.)  of  the^rW  part  of  the 
eqnatiim. 

3.  To  1<^  B.  add  the  log.  of  the  above  seconds,  and  the  log.  co-tangeat  of  the 
tno't  polar  distance  to  the  nearest  minute  on  the  given  day;  their  sum  will  be 
the  log.  of  the  second  part  of  the  eijuation. 

4.  The^rW  part  of  the  eqnation  is  additive  when  the  declination  is  decreasing, 
and  of  the  same  name  with  the  latitude ;  or  increaung,  and  of  a  different  name 
fnm  the  latitude:  but  tublraclive,  when  the  declination  is  increesing,  and  of 
tlie  same  name  with  the  latitude ;  or  decreasing,  and  of  a  different  name  from 
tbe  latitude. 

6.  The  second  part  of  the  equation  ia  addilive  when  the  declination  is  incresa- 
ing;  but  sublractive  when  the  declination  is  decreasing. 

ExAHPLB  I.  November  10, 1835,  in  latitude  5T°9'N.,  snppoae  the  interval 
between  two  sets  of  equal  altitudes  of  the  sun  to  be  5h.  17m. :  required  the 
eqnation  of  equal  altitudes. 

Sun'idad.Nov.l0.byN.A.    \r  VS. 


amtgaijt4Ms^a.\at^j*  S4       1=1MI"    Snn'i pdar dlMMKO 107    3 

iDiervd Sh.l7m.    Lm.A.  ;.7SM Log.   B.  7.e4<5 

Ounceinadan  SMI"        Ixm-—  9.SOS8     8.1098 

iMiiDde B7°9'        Tang.    0.1900    Polardiic.  107°3'...  Co-ung.  9.4S67 

FiiMput +  18.1»>.  Log....  1.S597    BMOiidpart-f  3.77>.  Log.  ...  0.4430 

Baxmd  put. +  '■'?  — 

E^ofaqotlpwt)  +  >0. 96  additlTe,  becuiw  both  parti  ue  lo. 

But  if  we  suppose  the  above  latitude  to  be  Soath,  then  the  first  part  would 
be  subtractive,  uecauae  the  declination  is  increasing,  and  would  be  of  tbe  same 
name  with  the  latitude ;  the  second  part  would  be  additive,  because  the  sun's 
declination  is  increasing:  conaequentlv  the  difference  of  the  two  parts  =  16.43s. 
wonid  then  be  the  equation  of  equal  attitudes,  and  subtractive,  because  tbe 
greater  part  ia  ta 

ExAMPLB  II.  March  20,  1835,  in  latitude  20°33'S.,  suppose  the  interval 
between  two  sets  of  equal  altitudes  of  the  atin  be  8h.  18m.,  required  the  equa- 
tion of  equal  altitudes. 

Su<k>id«d.Hu'.19,b*N.A.  0°  43'    \y&,  Sun'i  ded.  Much  SO  0°  Wa 

Ditto     Hw.Sl  0      4      8    N.  SO 

auii8«ofd«^D.iiiSdsriO    47    23=3843"     Sun'i  pt^r  diKaDoa 80    40 
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■  latWTrf.^— —  «h.iant.    Lh.A.  T.itaS    . ^...  Ldk.   a  7.4818 

Oaagtiatimn  Kiaf        Lag.      S.45W    - „.  S.U3S 

LMJWda. aVitf       Tug.    9.5;S9    PoUrdiiuST'tO'...  Co-ung.  7.764B 

0.84 IS    Second  put  -  O.AS  L<«.         8.7004 


Eq.of  sqaalilu.  4-8.B9  additive,  baaaw  the  grMWr  part  it  io. 

If  we  BUppoae  the  latitude  in  the  above  essmple  to  be  North,  the  first  put 
wvntd  be  subtnctive,  becaaae  the  declination  is  decreuing,  and  of  a  different 
oanie  from  the  latitude ;  the  second  part  would  be  subtnctire,  becaaae  the 
declination  is  decreasing:  hence  the  sum  of  the  ports,  6.  99a ,  would  be  the 
eqoadon  of  equal  altitudet,  and  snbtractire,  because  tfaejr  are  both  bo. 

TABLE  LIII. 

Far  OMverttBg  Foreign  Measure*  into  EngHth  Feet  or  Faikamt, 
and  the  contrary. 

Thia  table  will  be  found  very  useful  in  convertina  the  deptha  of  watw 
erpreased  in  foreign  charts,  to  equivalent  depths  m  English  feet  or  fiktbonis. 
Suppoae,  for  example,  the  number  of  feet  or  pieds  marked  on  a  bank  in  a  Prendi 
ebart  vera  17  i  to  find  tbe  corresponding  depth  in  English  feet,  look  in  the 
column,  marked  "  French  feet,"  for  the  number  nearest  answerii^  to  17:  thii 
wiU  bo  laOO,  opposite  to  which,  in  tbe  left  column,  wjtl  be  fbund  18,  the 
£n^ish  feet  required.  Or,  suppose  the  number  of  Spanish  brasas  answering  to 
20  Engli^  fatlwnis,  were  required :  in  tbe  column  marked  "  Spanish  brssat," 
opposite  20  in  the  column  of  Eiiglish  bthoms,  will  be  found  21. 58,  the  number 
et  Spanish  braxaa  equinleot  to  W  Engtiah  fathoms. 

Tbe  columns  in  the  (able  were  computed  by  the  following  rules: 

1.  To  reduce  EnglUh  feet  to  French  feet,  or  EnglUk  fathomt  to  Frtnek 
loitet,  add  the  log.  9.  972647  to  the  I<^.  e(  the  given  number  of  English  feet  or 
fiUbaras,  and  tike  sum  will  be  the  log.  of  tbe  corresponding  French  fmt  or  toiaefc 

2.  To  reduce  EnglUh  fat/umi  to  French  brauet,  add  the  log.  0. 051516  to 
tbe  log.  of  the  given  numoer  of  English  fathoms. 

3>  To  reduce  Englitk  fathom*  orfeei  to  Spanitk  brazat  or  feel,  add  the  log- 
0. 0S3074  to  the  log.  of  the  English  fothoms  or  feet. 

4.  To  redaee  Ena 
las.  of  tbe  KpglisI'  ti 

5.  To  rednce  EngtUh  fatkam*  to  Portngnem  brmime  orMhrnu,  stdd  tl*  !«. 
a  9906)6  to  tbe  log.  af  the  Engliah  feet. 

&  To  reduce  Engtuhfeef  to  Amtterdatn  feet,  add  the  log.  0. 099^9  to  dM 
Iqg.  of  the  English  feet. 

7-  T«n»{MceEng^Ml^loAjn^(iMf/wl,  add  dw  log.  0.967514  U  tbe  leg. 
of  the  English  feet. 

8.  To  reduce  EngH^Jeet  orjalhotnt  to  SmedMJeet  orjktltomt,  add  the  log. 
0. 011570  to  tbe  log.  of  tbe  English  feet. 

9.  To  reduce  EmgUik/ett  to  Femelianfeet,  add  the  )<«.  9. 043094  to  tbt  kg. 
-'**''^  English  feet. 
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10.  To  rtdmee  EnglM  faiJumt  to  Feiutian  pattt,  add  tbe  leg.  0. 039276  to 
dw  log.  of  the  Wwgliiih  jathonu. 

n.  To  reduce  EngUtkfeel  to  Riutianfeet,  add  tlie  log.  9. 940878  to  the  bg. 
of  the  Engluhfeet. 

The  pages  not  admitting  of  more  colamns,  the  following  rnlea  may  be  added : 

1.  To  reduce  EngUtkfeet  or  fathom*  to  Danithjixt  orjationa,  add  the  log. 
0. 987501  to  the  It^.  of  the  English  feet  or  fathoms. 

3.  To  redwx  EngUth  falhoma  to  Rutnan  tagenet  or  tatket,  add  the  log. 
9. 103085  to  the  log.  of  the  Engliah  bthoms. 

TABLE  hlV. 

For^dtMg  Ike  eaaci  Greenwich  Time  corretjxmding  to  tht  tnu 

Lunar  Diatanee. 

If  die  moon'a  motion  in  the  heavens  were  uniform,  the  tme  lunar  diatance  would 

always  give  the  conesponding  Greenwich  mean  time  by  the  Rule  in  page  370; 

bat  as  uiia  ia  not  the  case,  when  mat  accuracy  is  desired,  the  interral  f^nd  by 

the  propMtianal  logarithms  abonld  be  corrected  by  a  number  of  seconds  taken 

from  this  table,  in  the  following  manner. 

Find  the  difference  between  the  prop.  logs,  standing  opposite  die  two 
distancea  in  the  Almanac,  which  include  the  giren  true  distance :  with  this 
dife^nce  at  the  top  of  the  table,  and  the  approximate  interval  in  one  of  the 
left  columns,  take  out  the  correction  in  seconds,  which  add  to  the  approximate 
interval  when  the  prop.  logs,  are  decreanng,  at  subtract  from  it  when  tncrtaiing, 
and  the  result  will  be  the  true  intervaL 

ExAKPLB  I.  Required  the  correct  time  at  Greenwich  corresponding  to 
79°30'13',  the  true  distance  between  the  sun  and  moon,  on  June  3,  1835. 
{See  £zain}4e  L  page  374). 

ThetnieduuiicsuOb.byPag«XIILofiheNaat.AL<*79°a5'   9'iuP.L(».l8» 
Ditta         Klllh.  ditto  81    r  18  itsF.L^SSSI 


CoirectionofappraziiiiatsiDUmL... 


The  above  correction  Is.  being  added  to  the  approximate  inteml  8m.  Is., 
because  die  prop  logs,  are  decreasing,  the  sum  fbu.  3s.  is  the  true  interval : 
hence  the  exact  Greenwich  mean  time  is  Oh.  8m.  3& 

EzamplbII.  Required  the  ezactOreenwichtimecDrresp(»idiiigto5S°13'19*', 
the  true  ditfance  between  the  moon  and  die  Star  a  Aqnila,  oa  July  7th,  1835. 
{See  Example  VII.  page  394.) 

TUcruediitanoaatXII.bn.byFueXIT.ofNanbALIiSr*?'  VItiP.L.SMS 
Ditto         aiXV.hn.  ditto  CI    UU    tuF.L.Mtf 
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The  oori«etion30i.  bang Hfifracfedinnn  the  approxiinmtemterTslCSi.53in.59i., 
becaiue  the  prop.  logs,  are  increating,  the  remainder  Ob.  63in.  ^t.  it  the  tnie 
interval :  and  hence  the  exact  Greenwich  mean  time  ia  ]2h.  53in.  39a. 

The  omittion  of  thta  correctian  in  the  above  Example  would  produce  as 
error  of  5  milea  in  the  longitude.    But  this  i(  an  extreme  caae. 

TABLE  LV. 

To  reduce  the  Moon's  HorixMlai  ParaUiue,  or  Semidiamtter,  to  any  Time 

under  the  Meridian  of  Greenmch. 

Thia  table  contains  the  proportional  parts  to  be  applied  to  the  mom's 
herisontal  parallax  and  semidiameter,  (given  in  the  Nautical  Almanac  for  noMi 
and  midni^t),  in  order  to  reduce  them  to  the  time  of  observation :  it  is  to  be 
entered  with  the  Greenwich  time  after  noon  or  midnight  at  the  top,  and  the 
difference  in  12  hours  in  either  side  column.  The  proportional  parts  thna  found 
are  to  be  added  to,  or  snbtracted  from,  the  horizontal  parallax  and  semidiametcx, 
at  the  preceding  noon  or  midnight,  according  as  tiiey  are  increasing  or  decreuiiig. 

TABLE  LVI. 

hatitudet  and  Longitudet.' 

This  table  contains  the  latitadea  and  longitudes,  from  the  meridian  of  Green- 
wich, of  the  principal  porta,  harbours,  capes,  shoals,  rocks,  &c  in  the  wwld. 
It  is  divided  into  sections,  and  arranged  according  to  the  country,  sea,  ac 
coast,  to  which  thej  belone.  The  manner  of  finding  any  required  place,  sap- 
posing  its  situation  nearly  known,  is  so  obvious,  that  it  needa  no  further 
explanation. 

The  variation  of  the  compass,  as  it  stands  at  the  present  time,  is  occasionally 
inserted  for  the  information  of  such  persons  as  may  not  have  an  opportanity  <n 
finding  it  by  observation. 

TABLE  LVII. 

TitnetqfHigh  Water. 

This  table  contains  the  timea  of  high  water  on  the  fall  and  change  of  the 
moon,  at  the  principal  ports,  and  along  the  coasts,  particularly  of  Great  Britain 
and  Ireland,  with  tne  vertical  riae  of  Uie  tide  in  feet  at  spring  tides ;  the  names 
of  the  places  being  alphabetically  arranged. 

*  Tbs  Author,  trnpreased  with  th*  Iroportancc  of  thii  tahlo,  baa  uied  etety  exertiati  W 
riKider  it  u  oomplde  and  correct  h  posuble,  by  caoiuliing  tb«  worki  of  the  bwt  NKngston 
and  Ailroaomen,  M  tba  wnM  dmi  oompariagthaiii  wick  the  mote  socuraW  charu  and  lurccf*, 
■nd  hy  procuring  llie  uiiitsnce  of  hii  nautiod  friends,  from  nhom  it  hu  receivvd  coiuidai- 
■Ue  improremeDtt :  be  therefore  flatten  hiroielf  the  pment  table  may  be  esleemed  not  only 
one  of  IDS  moat  eitentivg,  but  likeviie  the  moat  correct,  of  say  hitberco  published.  Cofudoni. 
botrerer,  tbal  errori  muit  exisc  in  ■  table  vhich  dependa  on  obaerration  (altboufih  he  tnutt 
ibey  are  few  and  inconaiderable),  ha  takea  tbii  opportunity  of  eameacly  requesting  the  inUJ. 
ligent  mariner  to  oomiuuDJcate  tu  him  any  he  may  diacorer  ;  for  it  ia  only  by  the  BccuiiiuUted 
koowltdge  of  luch  meii,  that  we  on  hope  to  approach  perfeotion  on  hydrographical  mbjeMa. 
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I.  DiFTERKXCK  of  Latiiudfl  and  DepBTture  for  Ptdota 1 

IL  Differenoa  of  Latitude  and  IJepartura  for  DegMM    •.••....     17 

ni.  Meridion*]  Part. 61 

m».  Cnrrection  of  the  mean  Refraction 6A 

IV.  Mean  Refraction ... 


v.    Depreiaion  or  Dip  of  the  Horiion   . 


TL  TheSun'i  Parallax  in  Altitude 70 

YIL  The  Moon's  AugmenUlioa  JO 

Till.  Dip  of  tbe  Horimn  at  different  Diitanoea  fnmi  the  ObMrrw ......_ 70 

IX.  For  correcting  the  obeerred  Altitude  of  tlie  Sim'*  Lower  Limb,  when 

taken  bv  ■  Fore  Obeerration 71 

X.  The  Sun's  Declination  for  1834,  1S35. 1S36. 1837,  Ac 79 

XI.  To  oorreet  the  Stm'i  Declination  for  Longitude 71 

XII.  Tocnrrect  the  Sun's  Declination  for  the  Cbanges  bi  Period)  of  Four  Yeue  7< 

XIII.  The  Kght  Aseensioni  and  Declinations  of  the  principal  Fixed  Stan 76 

XIV.  The  Sun'a  mean  Bight  Ascension 77 

XT.  For  correcting  the  obeerred  Altitude  of  a  Fixed  Star  to  &ad  the  true 

Altitude 77 

XTL  For  reducing  the  Time  of  the  Moon's  Passage  over  the  Meridian  of 

Greenwich  to  the  Time  of  its  Paasa^  over  any  other  Meridian 78 

XTl.*  For  Bnding  the  Time  of  High  Water 78 

XTII.  To  find  the  Latitude  hj  an  Altitude  of  the  Polar  Star. „ 79 

XTIL*  Corrections  of  the  Latitude  deduced  from  the  above  Table 79 

XvuL  Correctians  of  the  Apparent  Attitudes  of  the  Sun  and  Stan SO 

XIX.  For  reducing  Longitude  iuto  Time,  and  the  contnxy 8S 

XX.  For  finding  the  Distance  of  Terrestrial  Objects -- "—  °° 


XXL     For  reducing  the  Sun's  Declination  to  Noon  at  any  given  Meridian,  a 
lyTim         *     ' " 


o  anr  Time  at  the  Meridian  of  Ore 


XXtT.    Logarithms  of  Numbers 88 

XX  T.     Logarithmic  Sines,  Tangents,  and  Secants _ tM 

XXVI.    Natural  Sines  ISt 

XXVII,    Logarithms  for  Half^elapsed  Time 181 

XXTIII.     Logarithms  for  Middle  Time „...» 170 

XXIX.    L<«Brithms  for  Aising  176 

XXX.    Correction  of  the  Moon's  Apparent  Altitude 184 

XXX*.    Auxiliary  Area    183 

2^^^7t'  f  Logarithms  for  finding  the  Apparent  Time  or  Horarjr  Angle tOS 

XXXIII.  Logarithms  for  finding  the  Correction  to  reduce  the  Sun'a  Declination, 

Bight  Ascension,  Ac.  to  an^  Time  tmderthe  Meridian  of  Oreenwidi  911 

XXXTT.    Proportional  Logarithms  81S 

XXXT.  To  correct  the  Apparent  Distance  of  the  Moon  from  the  Suu,  a  Star,  ftc. 

^_^_^__  for  the  Effect  i^  Farellaz  and  Refraction H9 

XXXVI.     Natural  Terrcd  and  SuTened  Sines SSt 

XXXTIL     Fw  redodng  Sidereal  to  Mean  Solv  Time   SS4 

XXXTTU.    For  redudng  Mean  Solar  Time  to  Sidereal  Time Ki 

XXXIX.    Lf^arithmic  Difference 3GS 

XL.    Correction  of  the  Logarithmic  Difference  when  the  Sun  la  observed MS 

XLX,    Correcdon  ef  the  Logarithmic  Difference  when  a  Btu  b  otoernd. 983 

XI.I1.    Ampfitudea M4 


xUv.  AKEAKSMltaHT  OT  TBI   TASLBL 

•taaM  ft, 

XLin.    SBDidhuul  and  BemliuMuniKl  Anim M 

XLIT.    For   Bnding   tb*  Appwent  Tima  of  ilw  prii>d|»l  Sun  pMdng  tlw 

Uaridian  tlumi^mit  tb«  Ytmi »  M 

XLV.    For  Cndlu  tha  Tf nw  nuMt  idrautigaoiu  for  oburrfng  tht  Altituda  of  « 

CdntuI  Object,  in  ordar  to  uccrUin  Iho  Appuellt  Time K 

XLTI.    For  findlnr  the  Altitude  of  •  CelettUl  Object  nuet  tivaatrngBoaa  tor 

uoertalning  the  Appannt  Time  li 

XLVH*    LogKrithmi  for  finding  the  Correction  to  reduce  (ha  Moon'a  DediDation, 

or  Right  Afoeniion,  to  uiT  Tima  under  the  Meridiao  of  Grsanwkh  K 

XLTin.    TheFarJlaitn  AllitodetforPUneta SI 

XI  t*^-     For  oonacting  the  LogBritbmic  DifferenDe  when  ■  Planet  ii  obaerred S 

I*    For  eomcting  the  Auxiliary  Angle  when  a  FlanM  ii  obferred S 

f-1.    For  ndadng  the  Equation  of  Time  to  any  'lime  under  the  Ueridian  of 
Owanwidi - 9 


UT.    Far  Cntfng  the  eiact  Oreenwloh  Time  oomapMidiiif  to  the  true  Limar 

DbWim. m 

LT.    For  reduoDg  the  Hoon'i  Huriaontal  Parallax  and  Semldiametv  u>  taij 

Time  under  die  Meridian  of  Oroeawich tSS 

LVL    Latitadei  and  Loasinidea  of  the  principal  Place*  in  the  Worid. 

SscriOV  L  The  Coail  of  Oreat  Britain  and  adjacent  Iilandi IM 

n.  The  Coait  of  Ireland S91 

Ul>  The  Coaat  of  Lapland  and  Norway,  from  Nora  Zambia  to 

theNaw    IW 

IT.  The  Cattegat  and  Sound Nl 

T.  The  Baltic »t 

n.  The  Gulfs  of  Finland  and  Bothnia 194 

VII.  The  Coaiu  of  Denmark,  Germany,  Holland,  and  Nether- 

landa,  from  the  Scaw  to  Calai*  3H 

Till.  The  Ccaila  of  France,  Spain,  and  Portugal,  from  Calaia  to 

Gibraltar   196 

tx.  The  North  Side  of  the  MediterraneaD  W 

X.  The  Black  Sea,  and  Sea  of  Aiof 300 

SI.  The  Eait  and  South  Coaal*  of  the  Mediterranean  M) 

XII.  Uandi  in  the  Mediterraoean,  Gulf  of  Venice,  and  Ardhi- 

pelago m 

xni.  The  Coait  of  Afri(«,  from  the  Entrance  to  the  Meditv- 

ranean,  to  the  Cape  of  Good  Hinw   •>! 

Xir.  lalandi,  Rocka,  and  Shoal*  in  the  North  Atlantio  Oeaao, 

and  South  Atlantic  or  Southern  Ocean    306 

XT.  The  Coatt,  and  adjaoent  Iilanda,  from  the  Capa  of  Good 

BopetoCaolon  SOS 

xn.  Iilanda,  Bodm  and  Shoab  in  the  Indian  Ooean  319 

XTH.  lalandi,  Bocb,  and  Shoala  hetwewi  the  Indian  and  Paidfio 

Oceana,  from  Sumatta  to  New  Guinea. XII 

XTin.  Iilanda,  Badn,  and  Shoali  in  the  China  Sea, 391 

XIX.  The  Coaat,  and  adjacent  Iilandi,  from  Canton  to  Cape 

North 391 

XX.  The  Coaata  of  Taimania,  or  Van  Diemen's  Land,  and  of 

Auitialia,orTerraAuitialii,  with  the  adjaoent  lalanda  3J4 
XXL  lalanda,  Bocka,  and  Shoali  in  the  North  Pacific  Ooean ...  SST 
Xxu.  lalanda,  Kocka,  and  Shoali  in  the  South  Padfic  Ocean  ...  S30 
XXIII.  The  Wett  Coaat  of  America,  from  Cape  Horn  to  Icy  Cape  33S 
XXIT.  The  Eait  Coaat  of  America,  from  Cape  Horn  to  Cape  Sable  3M 

XXT.  The  Weat  India  lalanda 318 

xxvL  The  Eait  Coaat  of  Amerio,  from  Cape  Sable  lo  Daria'a 

Strait 319 

xxva  The  Coaata  of  Eaat  Greenland,  Iceland,  and  Spitabn^oi, 

with  the  adjacent  Iilanda   til 

LVn.    TimeaofHif^Watw  -. „.,.,  SM 
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it 
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60.7 
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108. S 
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186.3 

1U.3 
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m.s 

73.0 

« 

49.6 
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90.8 
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■8.9 

OS.l 

SU 

187  .rl 

ISB.8 

sn 

■H.I 

74.8 

54 

41.4 

■a. 9 

114 

01.6 

67.9 

174 

10.8 

101.7 

334 

167.9 

130.4 

SM 

HO.I 

78.1 

SS 

44.9 

■9.8 

lis 

92.4 

6S.G 

174 

40.6 

101. a 

SU 

188.1 

140.0 

306 

IH.O 

78.7 

H 

4S.« 

11.4 

116 

91.9 

00. 1 

176 

41.4 

04  .S 

•m 

sg.c 

140.6 

n7.7 

76.3 

67 

4B.e 

•4.0 

117 

94.0 

69.7 

177 

43.9 

10S.4 

317 

100.4 

141.3 

S97 

318.6 

To.g 

U 

4S.6 

S4.e 

lis 

94.8 

70.1 

li'B 

43.0 

loe.o 

318 

91.3 

141.8 

99S 

310.4 

77.6 

S9 

4T.4 

U.I 

119 

93.0 

70.9 

170 

43.8 

106.6 

339 

193.0 

143.4 

309 

940.S 

78  1 

W 

48.1 

IS  .7 

190 

90.4 

71.5 

180 

144.0 

107.3 

340 

103.8 

141.0 

100 

141.0 

78.7 

[Nil 
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Dbt. 
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Lat. 

Dilt 
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L«l. 

Diit. 
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L«L 
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H                                              TABlfi  I. 

TMamt  of  UUMt  ud  DeputiK  hr  >  PoinU. 

Di»L 

— 1 

Lu. 

00.8 
01. T 
09.S 
OS.) 
04.8 
M.O 
0S.8 
06.7 
OT.i 
08. a 
00. 1 
lO.O 
10.8 

ii.e 

13.1 
13.3 

14.1 
IJ.O 
IS  .8 
10.0 
17.0 
I8.S 
18.1 
10  .W 

ao.i 

31 .« 
13.4 
is.i 

34.1 
M.O 
K.S 
K.6 
37.4 
38. S 
39.1 
20.0 
10.8 

31  ,a 

39. 4 
S3.S 

00 
01 
01 
03 
03 
OS 
« 
04 
OS 
OS 
06 
0« 
07 

or 

08 
08 
DO 
10 
IB 
11 
11 
13 

la 

IS 
13 
14 
IS 
IS 
16 
16 
17 
17 
18 
18 
19 
30 
90 
St 
81 
88 

INrt. 

~n 

«3 
OS 
04 
Si 
«0 
67 

ee 

60 
70 
71 
73 
73 
74 
7S 
76 
77 
78 
70 
80 
81 
S3 
8S 
64 
BB 
86 
87 
88 

n 

00 
91 
93 

01 
94 
94 
DO 
97 
98 
90 
100 

u 

ei 

43 
43 

t4 

44 
4B 

•6 
47 

•8 

60 
61 
63 
63 

64 
64 
6S 
66 
67 
08 
60 
69 
70 
71 
78 
73 
74 
74 
74 
TO 
77 
78 
79 
79 
80 
81 
82 
81 

4 

f 
7 
6 
4 
3 

7 
4 
4 
1 
0 
8 
7 
E 

's 

3 
0 
8 

7 

S 
2 
0 
8 

7 
4 

1 

a 

0 
8 
6 
S 

3 
1 

De, 
H 
14 
U 

IS 

SA 
36 
37 
37 
SB 
38 
39 
40 
40 
41 
41 
48 
43 

a 

43 

"«r 

46 
46 
47 
47 
48 
48 

SO 
40 
51 
41 
SS 

11 

44 

S5 

45 

9 

4 
0 
6 

1 

a 

3 
D 
1 
D 
6 
1 
7 
3 

3 

0 

2 

8 

0 
4 

0 

7 

8 
3 
0 
4 
0 
8 

am. 
"iai 

188 
181 
184 

■as 

lae 

127 
128 
139 
ISO 
ISI 
IS9 
lit 
114 

lis 

IM 

137 
138 
ISO 
140 

141 
143 

144 

147 

149 
ISO 

lai 

IS9 
14) 

164 
144 
146 
167 
168 
140 
]«0 

100 
101 
109 
101 
101 
104 

IOC 
107 
108 
108 
109 
110 

113 
113 
113 
114 

114 

no 

118 
118 
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m 

13S 
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1)8 
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0 
4 
3 

i 
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TO. 
TO. 
71. 
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T8. 
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74. 
76. 
74. 
TO. 
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77. 
77. 
78. 
78. 
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80. 
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88. 
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81. 
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BS. 
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86. 
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88. 
88. 
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IBO 

IBS 

im 
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IBS 
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SOI 
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SOS 
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soe 
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■an 
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an 
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918 
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148.0 
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161 .3 
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170.4 
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181.3 
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104.6 
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tlO.B 
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fllff 

LU. 
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S04.4 
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Ii 
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117.1 
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118.1 
1S9.4 
146.6 
140. ( 
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148.) 
148.8 
143.1 
143.9 
144.4 
144.0 
144.6 
140.1 
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I4T.8 
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140.4 
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M 
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881.8 
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8)0.1 
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813.5 

41 
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SO 
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S4 
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40.6 
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49.1 
49.0 

23 

as 

3S 

34 

is 

36 
30 
SO 
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111 
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96 
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S9 
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AS 
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!£ 

109 
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as6 

9S« 
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Fnr  5  Points. 

TABLE  1. 
TMenaet  of  Latitude  and  Departwe  for  3)  PoJnU. 

.  I  Pep.  |Dbt[  L>l.  I  Dep.|[l5M.|  I^t.   D»p.| 


1  04.0 

i  04.8 

'  Ot.O 

t  oa.4 

I  «r.9 

)  08.0 


M.O 
M.l 

04.8 


I    «8.l 

)   06.9 
1    OB.S 


I  sa.e  I 
I  n.T  ] 

I  u.t  1 
I    U.S   ] 


I  46.6  a 
}  4T.4  t 
I    48.9    t 


r  as  .4 
>  t«.o 

I    B6.6 


r  TT.D    ( 

J  T8.7    i 

I  79.8    I 

)  80J   I 

I  81.1  "( 

1  81.11   6 

I  83.T    t 
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r  BS.9    t 
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I  00.8 

I  91.6 
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I  93.S 
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i  94.8 
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IS  100.4 
HI6I.S 
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I81«.8 
19101.6 
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I3IM.6 
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IT  110.0 
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146.9 
147.0 
147.6 

148.6 
149.4 
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ISl.O 
IBelSl.8 
IB9.6 


100.6  1 
110.1  i 
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■Mil 
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»l«l.6 
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17  168. 9 
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tSlSO.T 
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190.1  : 

190.9  : 
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199.1  : 
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I94.S  : 
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IB4.T  U 
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67.0 
06.6 
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SU7.6     : 
9118.1     : 

rl  116.8     : 


17  190.4  1 

18  101 .1141 .8     : 

939109.0149.4 

lotoa.eir 


Fur  4 1  Points. 
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17 
IH 

Id 
so 

21 
Sit 
S) 

M 
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U 
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B7 
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01 

oa 

OS 
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06 
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18 
ID 

ao 

91 
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34 
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9T 
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30 

so 
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S4 
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49 

( 
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03.8 
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04.4 
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07.3 
07.8 
08.1 
08.9 
09.4 
10.0 
10.6 
11.1 
11.7 
19.1 
I9.B 
IS.S 
IS. 9 
14.4 
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1S.6 
16.1 
16.7 
IT.3 
17.8 
18.1 
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19.4 
90.0 
90.6 
91.1 
91.7 
89.3 

91  !> 

SS.9 
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36.1 
36.7 
37,2 
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38.1 
38.0 
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S3. 3 
S3.S 
SS.S 
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69 
OS 
64 
6t 

66 
67 

68 
60 

BC 
81 
83 
8S 

B4 
6S 
8S 
8T 
SB 
SO 
90 
91 
99 
08 
04 
OS 
90 
97 

ge 

09 
100 

-m 

109 
lOS 
IM 
106 
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107 
108 
109 
110 
HI 
II* 
11« 
114 
IIS 
116 
117 
118 
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1m 
56 
SI 

69 
*1 

S4 
64 

SS 
SO 
67 

S8 

To 

60 
61 
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01 
»4 
64 
6S 
06 

"of 

66 
68 
60 
70 

n 

TB 

1& 
76 
77 
78 
79 
70 
80 
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B9 
8S 
84 
84 
86 
86 
8T 
88 
BO 
80 
BO 
01 
93 
91 
94 
94 
9E 
96 
07 
08 
08 
99 

-u 

S4 

IS 
IS 

so 
so 

S7 
17 
18 
18 
W 
40 
40 
41 
41 
43 
42 
41 
43 

4T 
47 

48 
48 
49 
GO 

"so" 

SI 
SI 
S3 

S3 

n 

SS 

64 
SS 
SS 
66 
66 

58 

61 
01 
«9 
03 
6S 
6S 
64 
86 

ee 

66 

i 
I 

7 

a 

s 

c 

4 
0 
0 

T 
3 

3 

0 

1 

s 

9 

7 
3 
8 
S 
0 

0 
6 

3 
3 

g 

4 

0 

1 

9 

B 
S 

9 

4 
0 
6 

7 

DitL 

lai 

133 
131 

IW 
196 
1ST 
13S 
130 
ISO 
ISI 
1S9 
lU 
IS4 

lis 

114 
IIT 
ISS 

ise 

140 
141 
143 
14S 
144 

146 

147 

ISO 
ISI 
1S3 
ISS 
104 
ISS 
ISO 
IS7 
ISB 
ISO 
160 
161 
169 

les 

104 
166 

106 
167 

lae 

laa 

170 
171 
173 
171 
174 
17S 
I7S 
ITT 
176 
179 
ISO 

Lai. 
100.0 
101,4 
109.1 

toa.i 

I0S.9 
104. B 

los.o 

100.4 
lOT.S 
106.1 
108.0 
100.7 
110.6 
111.4 
113.3 
11S.1 
113.9 
114.7 
115. C 
110.4 
IIT.a 
118. 1 
1IB.9 
110. T 
190.6 
191.4 
1B3.I 
131.1 
131 .0 
194.7 
ISS.S 
I1C.4 
197.3 
198.6 
198.9 
129.7 
110.5 
111  .4 
US. 9 
lU.O 

iwTo 

114.7 

tss.s 

1)6.4 
197.8 
118.0 
IIS.O 
110.7 
140.$ 
141.1 
143.9 
141  .tf 
141. A 
144.7 
14S.S 
146.1 
147.8 
148.0 
148.8 
140.7 

Dap. 
67.9 
07.8 
68.9 

68.0 
69.4 
76.0 
70.8 
71. 1 
71.7 
73.9 
73.8 
71.1 
71.9 
74. 4 
TS.O 

Ts.e 

76.1 
70.  T 
77.3 
77.8 
TB.l 
78.9 
70.4 
SO.O 
80.0 
81.1 
81,7 
89.9 
89.8 
81.1 

Si.4 

8S.0 

86  .e 

86.1 
86.7 
87.2 
87.8 
88.1 
88.0 
89.4 
90.0 
90.0 
91. 1 
91.7 
99.9 
99.8 
B9.S 
09.0 
94.4 
OS.O 

os.o 
oe.i 
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155.6 
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101.1 
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106.7 
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111.7 
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ml 
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I18.B 
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181.7 
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I9S.6 
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197.8 
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169.1 
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1SS.6 
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166.1 
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96S 
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9«7 
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S8S 
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S8B 
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»46.I 
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948.6 
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IS8.B 
ISO  .6 
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167.1 
168.0 
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m.s 
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910 
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ISl 

98.0 

72.7 

laa 

146.2 

108.4 
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00 
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70 
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44.T 
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80.4 
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40.6 
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869 
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386 
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« 
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U.S 
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48 
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98.0 
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40 

S9.4 
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87.6 
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16.4 
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SO 

40. S 

S0.8 
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88.4 
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01.1 
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84.7 

17.0 
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80.3 
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uT 
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2U 
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M4 
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tto.i 
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SB 

44.S 
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SO 

45.0 
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B3.S 
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2U 
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40.6 
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ST 
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14.0 
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04.0 

09.7 
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00.4 

41.8 
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S8 

46.6 

14.6 
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04.8 

70.1 
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100.0 
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01.3 

41.8 
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77.6 

se 

47.4 

IS.l 

no 
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70.9 

179 

141.8 

06.0 
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03.0 

42.4 
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00 
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108.8 

41.0 

100 
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7S.7 
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Dep. 
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Di.t 
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Dap. 
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Iftllftl.S  ••. 
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ivr 
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196.9 
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I60.B' 
l«li«.B 
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1«9 
IMI69.B 

I66.B 
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169  108.9 
""    1*9.9 

ITO.g ' 
IT3  171.9 
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iTt.g 

iT4.g 

1TG.9 
1T6.9 
1TT.9 
1T8.9 
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M4U1.8   « 
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IftU 
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D.=.l,:sa;,  Google 


ao                                                  TABLE  II.                                                         I 

Uii-t. 

Lmt. 

D<p 

DUt 

Lit 

Dtp. 

Diot 

L>l. 

Dep. 

Di.t. 

LM. 

De.. 

Dtil. 

L«. 

Dep. 

3 

oa'. 

OS. 
04. 
OS. 
08. 

or. 

08. 
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00.3 
00.4 
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00 
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08.7 
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15. 
IB. 
17. 
18. 
10. 
30. 

00. « 
00.8 
M.S 
01 .« 
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05 
05 
05 
05 
05 
OS 

III 
113 

111 
IM 
116 
1S6 
IIT 
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09.6 
00.6 
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104 
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199 
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197 
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350 
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17.8 
IT.S 

ls!l 
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OS 
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aoi 
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14 

11 
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Ml 
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S9 
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10.6 
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SI7 
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114 
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317 
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14 
14 
14 
14 
IS 
IS 
II 
IS 
■S 
IS 
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S73 
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37S 
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S7S 
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10.4 
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43 
41 

45 
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47 
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SO 
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4S. 
44. 
4S. 
40. 
47. 
48. 
49. 
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OS.O 
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01.9 
01. 
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0S.4 
OS.S 
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lOS 
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IM 
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107 
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» 
8 
7 

; 

5 

or 

or 

Of 
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07 
•7 
•7 

07 
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101 .0 
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167.6 
lOS.S 
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SSI 
tM 
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ISI 
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ISS 
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m 
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IS 
IS 
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MS 
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61 
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Sf 

se 
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iS. 
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01. 
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US 
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114 
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no 

; 
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1 
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07 

or 
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13.1 
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18. S 
12.0 

SSI 

838 

su 

St4 
SIS 
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s 
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OS 

01 
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B4 

as 

OS 
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TO 
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01 
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8 

i 

7 
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188 
189 

160.3 
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183.3 
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s 
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16 
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16 
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845 
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II 

la 
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u 
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199. S 
106.S 
19T.8 
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17 
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254 
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859 
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93.0 
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18.7 

n 

M 
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SO 

SO 
St 

u 
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Bl 
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86 
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140 
147 
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903 
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200.8 

17 
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17 

18 
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18 
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SI 
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SI 

ss 
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S4 

is 

M 

n 

S8 
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90 
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1 
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1 
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S 
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a 

7 
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ISO 
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iS7 
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930 
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216.8 
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18 
16 
16 
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19 
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19 
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271.0 
279.0 
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274.9 
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877. 0 
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Si.e 

31.7 
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84.0 
81.1 
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31.1 
81.4 

41 
49 
4S 
44 
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40 
47 
48 

IS 

40 

49 
4S 

4* 

49 
47 

40 
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01. T 
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0S.8 
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04.1 
•4.9 
04. S 
04.4 
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IM 
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107 
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lOS 
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00 
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OB 
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OB 
09 
00 
OB 

8 
9 
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1 
9 

a 

3 
4 
9 
6 

ISl 
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ISS 
164 
169 

166 
167 
168 
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170 

160 
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16S 
ISl 
ISS 

1S6 
167 
ISB 
169 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

931 
393 
913 
994 
99S 
316 
99T 
886 
880 
830 

220.2 
231.3 
233.1 

ISS.l 
224.1 

295.1 
336.1 
817.1 
998,1 
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10 
IB 
10 
19 
19 
19 
10 
IB 
80 
80 

881 
IBS 

9B7 
3B8 
889 
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279.0 
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281.0 
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284.0 
289.9 
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U.S 
94.6 
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81.1 
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S4 

U 

se 

«7 

S8 
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60 

SO 
SI 
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BS 
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SS 
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SS 
SO 
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s 

B 
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04.6 
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05.0 
0S.1 
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lU 
us 

UB 
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lis 
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09 
00 
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00 
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8 
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0 
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S 
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178 

170 
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1* 
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IS 

IS 
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80 
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30 
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9 
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Ut 

D.p. 

™» 
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D«^ 
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69 
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180.9 
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W.l 
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8 

133 
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35.6 
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w. 
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64 
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u 
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0 

135 

191.8 

1T.4 

IBS 

181.9 

35  .T 

845 

148 .4 

tt.l 

OS. 

9    00.8 

60 

05.4 

00 

3 

190 

194.8 

17. S 

186 

184.9 

38 .0 

S46 

>U.« 

SI. 

08. 

0   01.0 

67 

00.1 

09 

1 

117 

195.) 

IT.T 

187 

IBS. 3 

90.0 

MT 

944.0 

H. 

0   01.1 

68 

07.1 

00 

5 

198 

190.8 

IT.8 

188 

186.9 

90.9 

848 

S41.0 

14. 

m! 

B    01.1 

00 

68.1 

00 

0 

ISO 

197. T 

18.0 

180 

187.1 

90.1 

349 

346.0 

14.1 

II 

M. 

R    01.4 

70 

69.1 

00 

7 

110 

H8.T 

18.1 

100 

188.3 

30.4 

350 

S4T.0 

14.1 

"io7 

9    01. S 

71 

70, S 

00 

0 

Ul 

190. T 

18.1 

101 

ml 

30.0 

SSI 

346.0 

14.: 

It 

11. 

9    01. T 

79 

71 .1 

10 

0 

m 

IIO.T 

18.4 

193 

100. 1 

90.T 

85S 

340.5 

16. 

11 

11. 

9    01. 8 

TI 

73. S 

10 

> 

111 

ISl.T 

18.6 

101 

101. 1 

90.0 

851 

B60.5 

16.: 
11.1 

14 

II. 

II   01.9 

74 

71.1 

10 

1 

114 

ISS.T 

18.6 

104 

103.1 

ST.O 

854 

SSI  .6 

1» 

14. 

09.1 

TS 

74.* 

10 

4 

M 

lU.T 

18.8 

108 

103.1 

ST.I 

856 

SS3.6 

16.1 

)B| 

It. 

09.9 

76 

75.* 

10 

6 

116 

1»4.T 

18.9 

100 

104.1 

3T.1 

856 

til.S 

U.< 

IT 

1«. 

09.4 

77 

70.1 

10 

7 

117 

lis  .7 

IS.I 

107 

105. 1 

37.4 

857 

164.6 

IS. 

18 

IT. 

09.S 

78 

TT.9 

10 

9 

118 

116.7 

10.1 

108 

100.1 

37.0 

86S 

3SS.5 

u. 

19 

IS. 

09.0 

79 

T8.9 

11 

0 

1*9 

IIT.T 

19.1 

100 

107.1 

37.7 

86* 

150.6 

u. 

M 

19. 

09.S 

80 

79.9 

11 

1 

140 

1*8.6 

19.5 

90* 

108.1 

37.8 

860 

I6T.5 

16. 

91 

"ioT 

09.0 

81 

■STi 

n 

1 

141 

119.6 

19.6 

"sol 

100.0 

38.8 

801 

158.6 

IT 

S9 

91. 

tl.I 

81 

81.9 

n 

4 

149 

140-6 

19.8 

909 

990.0 

38.1 

SUS 

160.1 

M.i 

H 

99. 

01.9 

81 

89.1 

11 

0 

\U 

141.6 

19.  B 

90S 

101.0 

38.1 

809 

100.4 

16. 

u 

91. 

01. 1 

84 

81. S 

11 

7 

144 

149.6 

90.0 

904 

903.0 

38.4 

9S4 

Ml  .4 

M. 

9S 

94. 

Ol.S 

85 

84.1 

11 

8 

146 

ia.6 

90.1 

990 

tos.o 

38.6 

866 

16S.4 

M. 

H 

9G. 

BS.O 

60 

86. S 

19 

0 

146 

144.6 

90.1 

906 

904.0 

38.7 

soo 

161.4 

17. 

« 

90. 

Ol.g 

87 

86.9 

19 

147 

145.6 

90.5 

907 

906.0 

38.) 

MT 

164.4 

IT. 

K 

97. 
96. 

01.0 

88 
SO 

8T.1 
88.1 

13 

9 

148 

140.6 
147 .6 

90.6 
9a.T 

90S 

100.0 
S07.0 

38.S 

868 

MW.4 

IT. 

17. 

W 

04.0 

149 

309 

30.1 

869 

160.4 

■0 

99. 

04.9 

M 

80. 1 

19 

S 

ISO 

148. S 

30.9 

316 

108.0 

».] 

STO 

167.4 

n. 

Ti 

10. 

04.1 

91 

90.1 

19 

7 

151 

uol 

91.0 

911 

io^ 

»1 

371 

8T.1 

19 

■  1. 

04.5 

99 

01. 1 

19 

6 

ISS 

150. S 

91.9 

919 

wg.9 

S0.6 

978 

Me:4 

IT. 

M 

(9. 

oi.e 

M 

09.1 

13 

0 

m 

181.5 

91.1 

SI* 

310. 0 

90.6 

971 

■70.1 

».' 

U 

(1. 

M 

01.1 

11 

1 

154 

1S9.S 

91.4 

914 

SI  1.9 

S0.8 

374 

971.1 

18. 

U 

M. 

«S 

04.1 

18 

9 

155 

ISl.S 

91.6 

SIS 

IIS. 9 

3».t 

376 

ITS.l 

18.1 

U. 

05.0 

96 

05.1 

11 

4 

1S6 

1S4.S 

91.7 

316 

SU.O 

•0.1 

376 

ITl.l 

IB.. 

M. 

05.1 

97 

00.1 

11 

S 

157 

ISS.S 

31.9 

917 

SI4.0 

■0.1 

377 

174.1 

18.1 

IS 

17. 

05.8 

08 

07.0 

11 

e 

158 

156.5 

S9.0 

318 

916.9 

10.1 

STB 

175.1 

IB.I 

■0 

98. 

05.4 

9D 

08.0 

IS 

8 

159 

157.6 

99.1 

SIO 

110.9 

■0.5 

STB 

176.1 

M.I 

40 

10. 

05.0 

too 

9D.0 

It 

0 

100 

I5S.4 

39.1 

990 

SI7.9 

10. ( 

380 

in.i 

19.1 

41 

40. 

05.7 

101 

00.0 

14 

"ioi 

150.4 

99.4 

"Mi 

918.8 

lol 

981 

ws:* 

IT 

43 

41. 

05.8 

109 

01.0 

14 

3 

103 

100.4 

39.6 

S99 

919.8 

■o.e 

989 

no.i 

w.; 

4) 

49. 

oe.o 

101 

03.0 

14 

a 

101 

101.4 

99.7 

St* 

190.8 

11.0 

38* 

S80.) 

».' 

41. 

oe.i 

104 

lOS.O 

14 

5 

104 

103.4 

39.8 

St4 

931 .8 

ii.i 

984 

161.) 

tSJ 

4C 

44. 

oe.8 

lOS 

04.0 

14 

6 

105 

tOI.4 

39.0 

S>8 

939.8 

■1.1 

886 

S83.J 

19.1 

46 

45. 

oe.4 

106 

05.0 

14 

8 

100 

104.4 

39.1 

sto 

998.8 

11.8 

986 

Ml.S 

W. 

47 

40. 

00.5 

m 

00.0 

14 

0 

107 

165.4 

31.3 

9S7 

984.8 

11.0 

987 

184.1 

48 

4T. 

OO.T 

108 

06.0 

15 

0 

108 

160.4 

31.4 

938 

335  .S 

11.7 

988 

186 .1 

40. 

49 

48. 

00.8 

109 

07.0 

15 

a 

160 

107.4 

31.5 

930 

I30.ft 

11 .0 

989 

886.1 

40.: 

SO 

40. 

OT.O 

110 

09.9 

IS 

8 

170 

108,1 

38 .7 

310 

937.8 

IS.O 

8S7.1 

40. 

SI 

07.1 

"Hi 

OB.O 

15 

4 

171 

169.1 

31.8 

311 

238.8 

13.1 

"991 

388.1 

40.1 

S9 

ai! 

07.3 

lis 

10.0 

173 

170.1 

3S.0 

318 

130.T 

H.l 

SOS 

380.3 

4«-< 

St 

S9. 

07.4 

lis 

11.0 

15 

171 

171.1 

34.1 

3*8 

aso.T 

13.4 

89* 

SOO.I 

4«.! 

S4 

or  .8 

114 

118.0 

15 

0 

174 

I7S.S 

34.3 

214 

111.7 

13.0 

S»4 

201.1 

4*.: 

U 

S4. 

or  .7 

lis 

US.O 

10 

0 

175 

171.1 

34.4 

215 

133. T 

■3.T 

890 

103.1 

41. 

641 

07.8 

IIB 

14.0 

10 

ITO 

174.1 

94.5 

310 

Sll.T 

13.8 

296 

301.1 

41.: 

BT 

K. 

07.9 

117 

115.0 

10 

1 

177 

175 .8 

34.0 

317 

184.7 

11.0 

SOT 

19J.1 

41.: 

S8 

S7. 

OB.l 

118 

II0.9 

10 

4 

178 

170.8 

94.8 

218 

US.T 

11. 1 

298 

29J.! 

41.1 

ss 

SB. 

08. a 

119 

117.  B 

16 

6 

ITO 

177.8 

34.9 

219 

SH.T 

1S.8 

296 

198.1 

41.1 

so 

SO. 

08.4 

190 

118.8 

10 

180 

178.9 

35.1 

240 

117.7 

11.4 

106 

197.1 

41.1 

[>bt 

D.p.1  L.t. 

DUt 

Dtp, 

^ 

Di>t. 

Dep. 

Lit 

DiH. 

Dep. 

L.t. 

Dist 

D«p. 

Lit 

^^ 

For« 

=^P^g^      J 

b,  Google 


b,  Google 


TABLE  II. 

BBBH^ 

S7 

DiSwMca  of  latitude  and  iMpartan  for  11 

Uegreea. 

oitL 
__ 

Im 

U    D«, 

.    UlL 

LiL 

P«P- 

DiiL 

IM. 

Dip. 

DttL 

^ 

D^T 

IHst 

L-t. 

Dep. 

'ST 

0    00 

i     01 

S9.0 

"isi 

nsTS 

SS.l 

"iST 

ifri 

"mTS 

"341 

Sol 

46.0 

OS 

0    00 

4      OS 

«o.g 

11 

8 

138 

110.8 

ai.i 

188 

178.7 

14.7 

341 

217.6 

46.3 

OS 

0    00 

0      61 

61.81 

18 

ISS 

180.7 

ss.s 

183 

179.6 

14.0 

343 

818.6 

46.4 

01 

s   •• 

8       64 

68.E^ 

18 

134 

181.7 

SS.7 

184 

180.6 

SS.l 

344 

810.5 

46.6 

04 

9    01 

0       SS 

63.8 

19 

ISS 

189.7 

SS.D 

185 

181.6 

■S.S 

948 

840.5 

46.7 

oe 

e  01 

64.8 

18 

lao 

19S.7 

S4.0 

ISO 

lB8.e 

SS.S 

940 

241.5 

46.9 

00 

9   01 

3       07 

68.8 

18 

1ST 

194.7 

84.3 

187 

IBS. 6 

3S.7 

»4T 

218.8 

47.1 

07 

9    01 

66.8 

IS 

128 

195.6 

84.4 

1S8 

1B4.5 

SS.D 

846 

241.4 

47.1 

oe 

00 

a  01 

8    01 

m    70 

67.7 
68.7 

IS 

IS 

189 

130 

198.6 
187.6 

34.6 
84. B 

ISO 
190 

185.5 
186.5 

36.1 
36.3 

240 

244.4 

47.8 
4T.7 

3SI> 

246.4 

10 

B   OS 

I       71 

60.7 

1% 

ISI 

as.o 

191 

1B7.S 

16.4 

2S1 

846.4 

47.0 

n 

B    ft) 

S       73 

70.7 

IS 

isa 

189  !& 

as  .2 

109 

IBB. 5 

M.G 

252 

247.4 

48. 1 

la 

B    02 

fi       7S 

Tl.T 

IS 

ISS 

ISO. 6 

as.4 

103 

189.5 

36. B 

251 

248.4 

48.1 

7    OS 

7       74 

78.6 

14 

IS4 

1S1.8 

as.o 

194 

190.4 

S7.0 

284 

249.3 

48.5 

14 

7    08 

0       7i 

TS.( 

ISS 

isa.s 

86. B 

108 

191.4 

ST. a 

868 

260.3 

48.7 

IS 

7    OS 

1        70 

74 .6 

14 

ISO 

ISS  .8 

ao.o 

196 

198.4 

87.4 

866 

261.3 

4S.B 

i; 

l« 

7    03 

8       77 

7S.e 

14 

1S7 

1S4.5 

36.1 

19T 

198.4 

ST. a 

25T 

268.1 

40.0 

IB 

17 

7    03 

4       TB 

76.6 

14 

UB 

1S5.8 

96.S 

108 

194.4 

S7.B 

288 

161.1 

49.8 

IS 

IB 

7    OS 

0       79 

77.8 

IS 

ISO 

IS6.4 

ao.s 

100 

196.3 

S8.0 

289 

164.3 

40.4 

as 

ID 

6   03 

8       BO 

7B.S 

IS 

140 

137.4 

se.T 

300 

196.3 

SS.S 

960 

166.3 

40.0 

SI 

SO 

0    04 

^^i 

IS 

141 

IS8.4 

80.0 

»f 

loTs 

W.4 

361 

ETi 

40.8 

as 

at 

SI 

as 

6    04 
6    01 

8       68 

4       BS 

Tul 

IS 
18 

148 

130.4 

a7.i 

87.S 

908 
SOS 

108.S 
190.3 

18.6 

se.7 

aoa 

SOS 

367.8 

388.2 

SO.O 
SO  .8 

I4S 

140.4 

S4 

as 

e   04 

6       S4 

88.8 

16 

144 

141. 4 

87.6 

304 

200.3 

W.9 

364 

280.1 

S0.4 

as 

34 

S    04 

G       S5 

83.4 

le 

14S 

I48.S 

8T.7 

SOS 

Ul.S 

SO.I 

ses 

360.1 

60.6 

ae 

as 

S    OS 

0       86 

B4.4 

10 

146 

I4s.a 

87.0 

806 

208.8 

so.s 

806 

261. 1 

87 

ae 

S    OS 

8       BT 

8S.4 

18 

147 

144.3 

88.0 

SOT 

801.8 

S0.8 

aoT 

26S.I 

as 

87 

6    OS 

s     ae 

86.4 

14B 

148  .S 

88.9 

aoB 

801.8 

S9.7 

S08 

263.1 

6l!l 

■0 

ae 

S    OS 

S       80 

87.4 

149 

146.8 

88.4 

aoo 

105.8 

30.9 

269 

264.1 

Sl.S 

u 

ao 

4    OS 

7      00 

88.3 

17 

ISO 

147.8 

88.6 

310 

206.1 

40.1 

370 

268.0 

Sl.S 

■1 

so 

4    OS 

9       91    89.3 

17 

ISl 

148.8 

88.8 

Sll 

mTT 

loTs 

"271 

ieeto 

6I.T 

u 

SI 

4   06 

I      n 

90.S 

17 

ISS 

149.3 

80.0 

sia 

308.1 

40.8 

378 

267.0 

SI.O 

u 

sa 

4    06 

a       9S 

91.3 

17 

ISS 

180.3 

80J 

SIS 

SOD.I 

40,6 

373 

268.0 

S8.1 

M 

SS 

4    06 

B      94 

9S.S 

17 

114 

I8I.S 

89.4 

314 

210.1 

40.8 

S7< 

200.0 

sa.i 

SS 

S4 

4    06 

7       9t 

9S.S 

IB 

ISS 

188.3 

39.6 

SIS 

211.0 

41.0 

260.9 

S8.S 

SO 

as 

S    06 

9       00 

g4.> 

IB 

ISO 

181.1 

89.6 

316 

118.0 

41.8 

S7( 

270.9 

S8.7 

ST 

SB 

1    07 

I       07 

9S.^ 

IB 

I6T 

IS4.I 

SO.O 

SIT 

213.0 

41.4 

877 

871.0 

68.9 

18 

S7 

S    07 

1       08 

96.31 

18 

ISB 

185. 1 

SO.I 

21B 

214.0 

41.6 

278 

278.9 

83.0 

S9 

SB 

S    07 

4       00 

97.* 

18 

IS9 

186.1 

SO  .3 

SI9 

215.0 

41.8 

879 

27S.9 

GS.a 

40 

so 

S    07 

6     100 

98.a 

10 

100 

IST.l 

30.6 

SBO 

216.9 

48.0 

274.9 

SS.4 

41 

40 

I  or 

8     101 

09.1 

l9 

101 

188.0 

SO. 7 

mT 

mo7j 

4a. 2 

"981 

275.8 

SS.6 

41 

1    08 

0     108 

lOO.l 

19 

168 

180.0 

30.9 

323 

217.0 

48.4 

889 

270.  B 

63.8 

a 

48 

i    08 

8     103 

101. 1 

19 

16S 

160.0 

Sl.l 

aas 

218.9 

48.6 

983 

977. B 

64.0 

44 

4S 

2    08 

4     104 

103.1 

10 

104 

161.0 

SI  .3 

884 

219.9 

43.7 

3S4 

278. B 

64 .3 

4> 

44 

1    08 

6     lOB 

103.1 

80 

1«S 

168.0 

SI  .6 

ass 

230.9 

2S8 

879.8 

64.4 

4S 

a  OS 

8     106 

104.1 

80 

1« 

163.0 

SI  .7 

386 

231  .B 

43.1 

386 

aeo.T 

64.6 

« 

40 

1    09 

0     107 

108.0 

30 

161.9 

SI  .9 

387 

283.8 

43.3 

3B7 

261  .T 

64.8 

te 

47 

1    00 

8     lOB 

106.0 

80 

108 

164.9 

S8.1 

888 

283. B 

43.8 

3BS 

3B3.T 

66.0 

49 

48 

1    OB 

3     109 

107.0 

90 

m 

106.9 

S8.3 

aso 

284,8 

43 .7 

880 

SSS.T 

66.1 

M 

49 

1    09 

S     110 

108.1 

31 

166.9 

sa.4 

330 

285.  B 

41.9 

290 

384.T 

66.3 

SI 

SO 

1    09 

7   in 

109.6 

SI 

Tti 

167.0 

S8.C 

231 

286.B 

44.1 

-291 

2BS.T 

6* 

SI 

0    00 

9     118 

ID9.B 

SI 

173 

108.8 

sa.e 

WS 

287.7 

44.8 

292 

886.6 

88 !? 

M 

68 

0    10 

1      113 

110. D 

81 

ITS 

160.8 

3S.0 

933 

288.7 

44.5 

SOS 

2ST.6 

M 

SS 

0    10 

3     114 

81 

174 

170.8 

Sl.S 

334 

289.7 

44  .C 

291 

86J 

U 

S4 

0    10 

3     115 

118.9 

81 

178 

171.8 

SS.4 

238 

210.7 

44.8 

SOS 

2B9!l 

86.8 

M 

7    lie 

113.9 

83 

176 

178.  B 

SS.O 

336 

231.7 

48.0 

290 

290.6 

86.8 

0    10 

9     117 

114.9 

23 

177 

171.7 

SS.6 

837 

212.6 

48,2 

297 

MI  .5 

80.7 

S    11 

1     IIB 

118.8 

23 

178 

IT4.7 

34.0 

S3B 

233.6 

45.4 

308 

202. S 

86.9 

as 

0    II 

S     119 

116. B 

83 

179 

1T8.7 

34.9 

23S 

234.6 

15. B 

230 

293.6 

61.1 

M 

SB 

fl  II 

im 

17.8 

88 

1B0 

176.7 

34.3 

240 

236.6 

4S.B 

300 

204. S 

6T.9 

s 

De, 

TfU 

DULDep. 

i^ 

D>)t. 

Dep, 

L*t 

Ihiil. 

Dcp, 

-cs: 

Wst 

U=p. 

LAt 

L 

For  79  Deereei 

S8 

TABLE  IL 

. J 

Diffimace  of  Utitnde  and  Depart 

are  for  13  Degrees.                       | 

l>l«L 

}± 

1.   Uep. 

D»l 

L»t 

P«p. 

DbL 

L>t. 

Dep 

EfeT 

L.t. 

Dep. 

Din. 

Lai. 

Dep. 

01 

0    00.2 

81 

59.7 

ISl 

118. 4 

Si.S! 

ISl 

177.0 

17,6 

"wT 

mtr 

60.1 

1 

OS 

0    00.4 

OS 

60.6 

13  !b 

131 

II9.S 

35.4 

IW 

17B,0 

17 

343 

ISO.! 

60.1 

s 

OS 

9    00.6 

«I 

61.6 

11.1 

131 

190.1 

35.6 

17S.D 

341 

M.5 

4 

0) 

0  00. e 

64 

63.6 

IS.S 

134 

131.1 

36 .8 

IB- 

tBO.O 

344 

3w!l 

60.7 

S 

w 

9    01.0 

6S 

61.6 

1S.6 

116 

199.1 

36.0 

181.0 

84^ 

3)9.« 

M.I 

6 

OS 

9    01  .S 

60 

64.6 

11.7 

116 

131.3 

36.9 

■  H 

181   9 

98 

348 

310.6 

•1.1 

on 

8    01.* 

07 

6.'*  .3 

11.0 

117 

I34.S 

S«,4 

187 

ies.« 

98 

847 

341.6 

•l.< 

8 

or 

8   01,7 

68 

e6.s 

14.1 

m 

186  .S 

16,6 

188 

181.0 

99 

SIS 

943.« 

*!.< 

0 

oe 

8  01  .a 

60 

67. B 

14.1 

190 

136.3 

96.8 

184  .a< 

99 

840 

149.1 

Sl.« 

!0 

DO 

8    03.1 

70 

68. B 

14.6 

ISO 

I9T.3 

9T.0 

185 .1 

90 

MO 

144.5 

S9.« 

tl 

^o" 

8    OS.I 

6U.4 

14.8 

IIJ 

138.1 

3T,a 

Toi 

186.8 

10 

243.5 

03.1 

11 

II 

I    03. S 

7S 

70.4 

IS.O 

IS3 

119.1 

17.4 

199 

187.8 

99 

363 

246.5 

99.4 

IS 

IS 

T    03.7 

71 

71.4 

IS  .3 

ID 

110. 1 

IT  .7 

101 

188.8 

40 

369 

347.5 

99.( 

14 

11 

7    03.9 

74 

IS  .4 

1)4 

111.1 

3T.9 

104 

180.8 

40 

364 

248.4 

•9.8 

IS 

u 

T    Ot.l 

TS 

71  ;4 

IS. 6 

135 

IM.O 

38.1 

106 

I90.T 

40 

366 

249.4 

59.0 

IS 

IS 

T    Ot.S 

76 

74.1 

H.B 

116 

1)1.0 

W.) 

196 

191  .T 

40 

S66 

1(50.4 

S9.9 

II 

16 

6   Ol.S 

77 

75. 1 

16.0 

137 

114.t 

38.6 

107 

IM.7 

41 

S97 

2SI.4 

tS.4 

IH 

IT 

C    0S.7 

78 

70. 1 

16.3 

1)8 

S8.7 

10« 

101.7 

41 

S«fl 

359.4 

ts.o 

M.8 

10 

18 

t    04.0 

79 

77.1 

16.4 

US 

Lt6!o 

as  .9 

IBB 

10*  .T 

41 

stg 

359.9 

30 

ID 

e    04.3 

80 

78.1 

10.6 

140 

IM.O 

39,1 

100 

lt».6 

41 

960 

354 .9 

64.1 

"M 

B    04.4 

81 

79.8 

16.8 

117.0 

~*n 

901 

196.6 

41 

Sttl 

iwl 

64.1 

as 

SI 

B    04.6 

83 

60.S 

17.0 

149 

1)6. 0 

S9,S 

■OS 

197,6 

41 

3GS 

356. 9 

94.3 

n 

S    04.8 

81 

81.8 

IT.l 

141 

119.0 

39,7 

101 

108.0 

43 

■63 

3ST.» 

•4.7 

H 

ss 

fi    OS.O 

84 

63.S 

IT.6 

144 

140  .fl 

S9,« 

104 

199.6 

(3 

364 

268.8 

54.9 

U 

u 

»    03.3 

8S 

61.1 

IT  .7 

14.^ 

141. B 

90.1 

103 

■eo.9 

43 

■66 

U9.S 

••.1 

» 

M 

4    06.4 

86 

84.1 

17.0 

146 

143. B 

90.4 

300 

301  .S 

43 

366 

3S0.S 

•C.l 

tJ 

M 

4    0B.6 

87 

BS.l 

147 

149.8 

90.( 

M7 

MS.S 

a 

867 

Ml  .3 

65.9 

» 

IT 

4    05.8 

88 

86.1 

I8!l 

US 

144.8 

306 

309.S 

4) 

868 

H3.I 

H.I 

» 

>8 

A    06.0 

89 

B7.1 

18.5 

140 

145.7 

900 

S04.4 

41 

900 

169.1 

•t.l 

■0 

10 

a  06.a 

00 

88.0 

18.T 

160 

146.7 

t\.\ 

910 

iOS.4 

49 

370 

264.1 

••.1 

91 

10 

1    06.4 

-01 

■SO 

18.0 

1.^1 

300.4 

«■ 

mTT 

"iSl 

13 

11 

1    06.T 

93 

90.0 

10.1 

153 

I4b!7 

319 

907.4 

44 

378 

■06.1 

•6.6 

■) 

IS 

1    06.9 

91 

91.0 

lO.S 

16) 

140.7 

308.1 

44 

371 

m.o 

•0.1 

U 

•1 

1    07.1 

04 

01.0 

10.5 

164 

150.6 

is!o 

114 

IDO.S 

44 

874 

368.0 

9T.0 

u 

14 

S    07.1 

05 

93.9 

10.8 

151.0 

11. S 

316 

SlO.l 

44 

375 

269.0 

9T.1 

16 

IS 

a   07  .S 

06 

99.9 

30.0 

166 

153.6 

19.4 

SI6 

SII.S 

44 

176 

IS70.6 

67.4 

(7 

16 

S    07.T 

07 

94.9 

90.3 

153.6 

19. D 

ai7 

BIS.) 

46 

87T 

1970.0 

■B 

*1 

3   07.9 

08 

96.9 

90.4 

158 

144.6 

13.B 

SIB 

113 .8 

46 

ST8 

1371.0 

37.8 

10 

18 

1    06,1 

00 

96. B 

90.6 

165. 6 

11. 1 

3)0 

314  .S 

46 

370 

2TS,0 

68.6 

40 

to 

1    0B.3 

100 

97.B 

30.8 

100 

166.  S 

11.3 

330 

2IS.9 

45 

980 

1379. 0 

58.1 

41 

40 

)    08.S 

98.8 

'31.0 

161 

"sO 

216.9 

45 

!3T4.9 

68.4 

49 

41 

1    OH. 7 

101 

B9.B 

91.3 

163 

99.7 

333 

217.1 

46 

381 

276.8 

•8.0 

41 

43 

1    08,9 

loa 

100. 7 

91.4 

161 

169.4 

99.9 

331 

318.1 

46 

181 

276.8 

•8.8 

44 

41 

0    OQ.I 

104 

n.6 

164 

160.4 

94.1 

334 

210.1 

46 

■84 

277.8 

•».« 

U 

44 

0    09.4 

106 

10S.7 

91  .H 

105 

161.4 

94.) 

336 

280.1 

46 

186 

■9.5 

46 

4S 

0    09.6 

106 

lOS.T 

33.0 

166 

163.4 

94.5 

836 

291.1 

47 

186 

IT9.8 

41 

4< 

0    09.8 

107 

104.7 

83.3 

107 

161.4 

94.7 

SS7 

233.0 

47 

■8T 

••.7 

48 

4T 

0    10.0 

loe 

106.6 

as.s 

168 

164.1 

14.0 

SS8 

331.0 

47 

988 

281.7 

69.9 

49 

47 

B    10.3 

109 

106.6 

as.T 

109 

166.) 

IS.I 

SS9 

334.0 

47 

380 

283.T 

«0.1 

4B 

B    10.4 

110 

107.6 

39,9 

170 

166.) 

SS.9 

910 

386.0 

47 

■DO 

•89.7 

60.1 

"51 

4B 

b'iO.6 

108.6 

ITl 

1«T.) 

95,6 

liT 

mTo 

48 

284.6 

B    to. 8 

100.6 

si!s 

ITS 

168. 1 

96,8 

393 

sse.s 

48 

191 

286.6 

60.7 

SI 

e  II  .0 

110.5 

31,6 

ITl 

169.3 

96.0 

1)9 

337.0 

48 

89) 

286.6 

eo.g 

SI 

8    11.3 

114 

III.S 

31,7 

174 

IT0.3 

96,9 

3)4 

238.0 

48 

304 

187.6 

61.1 

ss 

SI 

8    11.4 

lis 

113.6 

SI  .9 

ITS 

IT  1. 3 

96.4 

1)6 

330,9 

48 

90S 

2BS.6 

61.1 

S6 

S4 

8    11,6 

IIG 

IIS.S 

94.1 

170 

1T3.9 

90.G 

930 

3)0,8 

49 

300 

289.3 

•1.6 

57 

SS 

e    11,0 

117 

114.4 

14.1 

177 

ITl.l 

10, h 

317 

311,8 

40 

397 

200.3 

61.7 

SB 

SO 

7    11.1 

118 

IIS  .4 

•4.6 

I7B 

174.1 

37.0 

318 

313.8 

40 

398 

201.3 

a.ii 

sg 

S7 

1    13.1 

110 

116.4 

14.7 

179 

175.1 

17.9 

3)0 

919.8 

40 

399 

«1.1 

60 

69 

7  IS. a 

i23 

117.4 

M.O 

180 

IT6.I 

17.4 

94» 

214, B 

40 

393.4 

as.4 

i\$L 

De 

V.    L.t 

fM 

Dep. 

L>t 

Ui.t 

Dep. 

L-t 

IHh. 

Dq., 

^ 

V^. 

Dtp. 

LU. 

Fur  78  Degree*.         H 

b,  Google 


b,  Google 


TABLE.  II. 
DiflFTmee  of  I^titade  and  Dpptrtare  for  IS  Degreei. 


J  Dbt.  Lat    Dep.   Dbt.   Lst    Dep. 


n.fl   01 .0      (Ml 


n.7   09.S      «   M.e 


IT.4   04. T      TO    1 


ae.i  07.0     ar  i 

IS  ST.O  OT.a 

Sg  S8.0  OT.S 

M  ».0  OT.B  _90|  e 

SI  ».9  08.0 

u  SD.o  oa.a 

u  si.B  oa.s 

u  n.e  08.8 

u  u.e  oB.i 

M  U.8  OS.! 

ST  W.I  09.0 


3.T    ».9 

i.e  st.i 

S.fl    (S.6 


4.1  M.O 

BJ  M.g 

e.s  M.s 

T.l  M.8 


94enT.a  ss.t 

S4f  MB  til    8S.S 


2CS  U*  .4 
a5>  U4 .4 

at4MS.I  < 

SM  140.1  ( 

SSflHT.l  ( 

as?  M8.1  < 

«M9.>  ( 

8SSU0.1  ( 


300 
30121 


ai.i 


ST.O 
301  MI. 1 

96IU4.0  08.1 

1.8     304  US. 0  0 

S6SZ56.0  « 

WtUO.O  08.f 

I.Ol  30TWT.B  6S.I 

eW8.9  0 

I0W9.8  ( 


'0MO.8 


09.9 


ro»6.o  1 
rrwtr.o  i 
rai08.»  1 


41    SS.C    10.8 
43    40.0    10.9 


'3.4 


71.0 


S&4  274. S  1 

)a27«.i  n.e 

M8  2T0.I  74.0 

»*TT.S  I4.J 

888  276.1  T4.S 

I  74.8 
900|280.1 


291 


281.1 


8.9  01. 
9.9  01. 
9.9    01. 


S9S|28t.l  : 

t.O  76.8 

■4  184.0  70.1 

390  ift4.9  70.4 

SMW.g  7a.B 

897  ISO.S  7S.9 

898*87.8  7T.1 

S99|388.«  77.4 
77.6 


For  75  Degrees. 


M 

TABLE  n. 

OiftrMin  of  Utitmds  ud  Di|»rt««  for  U  DignM. 

UiM 

lat. 

b^ 

.||Dltt  LmL 

UepJlD-t 

LM. 

Dq>. 

Ditt. 

IM. 

Dfp. 

DM. 

laL 

Dq> 

01.0 

00 

»      01    IB.S 

14.8 

ISI 

W.I 

"iBl 

lit  A 

M.8 

MI 

MS  .8 

16 

01 

BO 

sH    oi  eo 

IS 

ISI 

118 

SO.fi 

18S 

1TO.0 

44 

Mt 

184.8 

•S 

«s 

M 

T       W   01 

IS 

ISt 

110 

W.l 

18) 

ITT.O 

44 

»U 

SSS.8 

H 

M 

•  1 

ffl      04    01 

IS 

IS4 

ISO 

M.O 

184 

178.6 

44 

M4 

SM.a 

19 

04 

01 

»      01    01 

u 

ISf 

ISI 

M.I 

ISf 

ITB.6 

44 

8    S4S 

MT.T 

SO 

•G 

01 

6       60   «4 

u 

ISO 

ISS 

M.5 

186 

180.5 

46 

8« 

SU.T 

n 

06 

•I 

7     or  es 

16 

l*T 

ISI 

M.T 

107 

101.4 

4f 

S    U7 

889 .1 

so 

07 

01 

^      68   00 

la 

IS8 

1S4 

11.0 

188 

188.4 

4f 

5    S48 

SU.8 

00 

08 

01 

1^      60    CT 

16 

ISO 

ISS 

•I.S 

IBS 

ISI  .4 

41 

S40 

141.6 

60 

II 

n 

01 

JItO   «7 

it 

IM 

IM 

11.4 

100 

184.4 

4« 

sso 

1843.6 

W 

"w 

Ha 

"7r~»r   68 

III 

^ 

"iTt 

101 

1SS.1 

46 

SSI 

SiTs 

00 

II 

M 

sH  n  OB 

111 

IS8 

M.9 

IBS 

1W.S 

40 

SBS 

H4.I 

«l 

IS 

II 

•I 
•1 

IH     ri    TO 

4H    r4   Tl 

m 

114 

ISB 
IM 

IS.S 

n.4 

101 

104 

isr.i 

l«.S 

40 

40 

9SS 

S4e.s 

•1 
«l 

SM 

14 

01 

d      (■   TS 

111 

111 

M.T 

105 

IH.l 

47 

SM 

mt!. 

•1 

II 

01 

m   n  n 

it« 

ISI 

M.9 

108 

1M.I 

47 

sse 

S4H.4 

61 

10 

04 

1     rt  f4 

117 

118 

M.l 

107 

191.1 

47 

ssr 

149.4 

68 

17 

04 

4       Tl    TS 

lis 

m 

M.4 

108 

IBI.l 

4T 

ss» 

IfiO.I 

01. 

18 

M 

6       Tl    TO 

18B 

114 

M.O 

100 

IBI.l 

46 

ISS 

UI.I 

01. 

IS 

04 

8       80    TT 

140 

ISS 

U.9 

I0< 

194.1 

48 

860 

US.! 

01. 

~ii 

"io" 

■« 

T~n"fr 

"io 

l4l 

IM 

f 

M.I 

801 

ioTo 

48 

"Ml 

2U.8 

«: 

M 

ti 

01 

a      M   TB 

IB 

I4> 

IIT 

8 

H.4 

I«l 

190.0 

48 

S6S 

SM.8 

a. 

n 

n 

Of 

6       M   60 

10 

141 

lU 

8 

U,6 

301 

IW.O 

49 

SSS.I 

a. 

M 

SI 

01 

8       M    81 

10 

144 

IM 

T 

U.fi 

IM 

IW.O 

40 

964 

IH.l 

M. 

U 

S4 

«e 

0      H   8S 

10 

lU 

140 

U.l 

805 

196. 9 

40 

S6S 

•4. 

M 

SC 

«e 

I      M   81 

10 

140 

141 

M.1 

800 

199.0 

49 

S60 

tssii 

04. 

at 

to 

00 

S       n    84 

11 

I4r 

143 

M.O 

807 

MO  .9 

» 

86T 

809.1 

64. 

w 

S7 

•6 

8       M    8S 

11 

148 

141 

15.6 

808 

Ml. 8 

H 

S88 

8M.0I 

H. 

M 

S8 

or 

0     »g  06 

tl 

144 

M.O 

SOB 

M9.g 

M 

969 

Ml  .9 

SI. 

M 

"it 

SB 

IT 

■of 

I       M    91 
S       Bl    U 

SI 

IM 
Itl 

I4t 

140 

M.I 

818 
Btl 

MI.8 
M4.r 

M 

SI 

870 
STI 

908.0 
Ml.l 

OS. 
61. 

■s 

11 

or 

7       9)    SB 

SS 

IIS 

14T 

M.e 

SIS 

MS.7 

01 

IT* 

6S. 

•• 

u 

•8 

0      M   M 

» 

151 

148 

87.0 

Sll 

m.i 

SI 

STI 

M4.9 

U. 

u 

u 

•8 

S      M   »1 

SS 

1S4 

14B 

17.1 

SI4 

m.t 

SI 

ST4 

X6S.9 

06. 

» 

■4 

m 

S      M   B8 

SI 

115 

ISO 

I7.S 

SIS 

mj 

u 

STS 

9M.I 

06.1 

H 

■4 

08 

7      88   M 

SI 

156 

ISI 

IT. 7 

SI6 

MB.) 

SS 

ST6 

S8T.I 

61. 

•T 

IS 

OB 

D       fT    B4 

SI 

1ST 

IBS 

M.O 

317 

110.4 

B> 

STT 

998.6 

07. 

S8 

u 

OB 

i       98    BS 

SI 

158 

151 

M.S 

818 

III  .8 

S> 

STS 

309  .T 

n. 

•9 

IT 

OB 

4      «g  BO 

S4 

150 

154 

18.5 

819 

113.5 

SI 

ST9 

370. T 

91. 

4i 

•8 

OB 

I     100    IB 

S4 

160 

1S5 

M.T 

910 

111  .a 

u 

SM 

371  .T 

or. 

~« 

■ST 

~m 

^   lol    08 

S4 

161 

156 

■8.B 

881 

314.4 

SI 

381 

sfii 

«». 

411 

40 

ID 

S     101    0B 

S4 

108 

157 

M.S 

S8S 

1IS.< 

S6S 

2TI.0 

68.1 

4*1 

41 

ID 

4     101    0B 

101 

158 

M.4 

«il 

210.4 

sei 

ST4.0 

e8.» 

44 

4a 

ID 

6     104  100 

S9 

104 

150 

M.T 

394 

m.i 

S4 

964 

srs.o 

68.T 

4fi 

u 

10 

e     IDS  101 

105 

100 

M.9 

S3S 

1I8.I 

fi4 

38S 

ST6.t 

68.» 

46. 

44 

1     100  108 

35 

100 

40.3 

SM 

IIB.I 

fi4 

SM 

STT.S 

50.1 

47 

4S 

4     107  101 

25 

167 

163 

40.4 

SST 

SM.I 

S4 

98T 

STS.f 

».' 

48l 

40 

11 

6     106  IM 

ae 

168 

40.6 

SS6 

ni.s 

SS 

988 

IST9.4 

OO.I 

4>l 

4T 

B   loeios 

so 

16B 

104 

40  .B 

889 

sn.s 

Sfi 

989 

380.4 

69.1 

SO 

48 

IS 

1     110  108 

30 

170 

165 

41.1 

810 

sss.s 

Sfi 

6 

990 

181.4 

Tl! 

Si 

4U 

IT 

1     HI  lOT 

30 

les 

41.4 

nil 

iitl 

as 

1 

l9i 

1H9.4 

TO.' 

5i 

11 

6     lialOB 

S7 

ITS 

166 

41.6 

9S9 

285. 1 

06 

998 

38S.1 

Tl.f 

SI 

91 

11 

B     111100 

87 

ITI 

167 

41  .B 

SSI 

n«.i 

06 

991 

384.1 

TO.S 

54 

as 

It 

1      114 110 

37 

1T4 

168 

48.1 

SSl 

Z8T.0 

60 

S»4 

S85.I 

71.1 

SS 

as 

I    USUI 

37 

ITS 

lOB 

48.1 

l«8.« 

50 

990 

3W.( 

71  .i 

sa 

S4 

11 

s    itoliis 

38 

1T6 

(TO 

49.0 

9» 

ISB.O 

67 

896 

88T.! 

TI-' 

87 

grl   117  lis 

S    SA 

177 

ITl 

43.8 

»0.0 

67 

897 

388.!t 

71  .a 

SB 

SO 

14 

D     lie  114 

38 

178 

ITS 

43.1 

sse 

210.0 

fiT 

see 

389.1 

60 

57 

14 

1     119  lis 

38 

179 

ITS 

41.3 

9S9 

211.0 

fiT 

309 

890.1 

n.t 

00 

B8 

1* 

3e 

180 

174 

4S.fi 

!40 

2SS.0 

58 

100 

301.1 

n^ 

DMt 

jEpI 

E 

rltS^ 

TIT 

Dilt. 

Dcp. 

Lar. 

\m>. 

Dep. 

L«t. 

re»t 

Dep, 

Ui^ 

For  76  Degrees. 

TABLE  .11.                                             91  II 
KAraice  of  latitade  and  Dppwtnve  for  15  Degrms.                      || 

lilt    L«t 

D.P. 

Ubt 

Lat. 

D«p. 

DiiL 

Uit 

Dep. 

Dht. 

Lat 

Dip. 

Dht, 

Ut 

Dep.|| 

i    M.S 

1  n.t 

i  n.s 

S    M.8 

t    M.8 

7    08.8 
(     «.I 
1     M.T 
11     M.T 

00 
00 
00 
01 
01 
01 
01 
03 
03 
01 

01 

u 

M 
04 
SI 

w 

« 

68 
« 

SB 
SO 
00 
61 

ea 

04 

66 

67 

e 

( 

U 
16 
10 
16 
16 
17 
IT 
17 
17 
IB 

131 
133 
lU 
134 
I«S 
196 
IIT 
198 
110 
ISO 

117. 
IIS. 
119. 
190. 
131. 
199. 
13S. 
134. 
13S. 

11  .S 
SI. 6 
11.8 
39.1 
13.4 
13.  G 
18.0 
SS.l 
SS.4 
SS.6 

181 

ii 

174 
178 
IT6 
ITT 
ITS 
iI9 
180 
181 
183 
181 

40.8 
4T.1 
47. 4 
4T.6 
47.9 
48.1 
48.4 
48.7 
48.9 
49.3 

241 
349 

944 
848 
846 
94T 
948 
940 
980 

213.8 
111.8 
9S4.7 
216  .T 
ISO.T 
217.8 
138,8 
2S9.a 
140. S 
141  .S 

69 
69 
63 
63 
63 
63 
83 
64 
64 
04 

11     11  .fl 

»  la.G 

U    11. G 
U    H.S 

le  is.s 
17  le.j 

IB    IT. 4 
U    IS. 4 
M    19  t 
tl    M.S 

M  ai.i 

U   ».l 

S4  at.a 

U    94. 1 
H    W.l 
«    M.l 
IS    ST.O 

«g  M.o 

M    ».0 

in 

01 

03 
01 

03 
04 

04 
94 
OS 
05 
OC 
06 
00 
00 
00 

OT 

or 

OT 

Tl 
73 
TS 
T4 
TS 
T» 
TT 
78 
79 
SO 
SI 
83 
BS 
S4 

ea 
w 

87 
88 

eg 

90 

m 

71 
78 
71 

74 

TO 
77 
78 
79 
80 
81 
83 
8S 
84 
8S 
86 
86 

ft 
s 
s 
s 

4 

4 

4 
S 

9 

1 
1 
0 

0 
0 

18 
18 
18 
19 
19 
19 
19 
90 
90 
90 

31 
31 
31 
99 
39 
S3 

a 

ss 

21 

ISl 
ISl 
HI 

in 

1S( 
IIT 
118 
119 
140 
141 
149 
I4S 
144 
14S 
146 
147 
148 
140 
ISU 

196. 
187. 
138. 
139. 
130. 
ISl. 
ISS. 
ISS. 
1S4. 
ISS. 
1367 
117- 
118- 
ISO. 
140. 
141. 
143. 
143. 
I4S. 
144. 

ss.o 

34.3 
34.4 

u'.o 
IS. a 
ss.s 

18.7 
16.0 

M.a 
ia:i 

u.s 

S7.0 
ST.l 

ST. 8 
ST. 8 
18.0 
SS.t 
18.6 
S8.8 

191 
191 

1 

197 
198 
199 
900 
SOI 
303 
301 
904 
908 
906 
30T 
898 
809 
910 

184 
188 
186 
187 
188 
189 
100 
101 
103 
IDS 

iw" 

198 
196 
191 
198 
199 
109 
WO 
MI 
109 

( 

49.4 
49.7 
60.0 
60.1 
SO.S 
SO.  7 
Sl.O 
SI. 8 
SI  .6 

"ssTo 

69. S 

68.  S 
68.6 
6S.I 
GS.S 
SS.6 
Si.E 
84. 1 
84.4 

889 
381 

964 
366 
966 

asT 

988 
989 
200 
"961 
869 
361 
264 
266 
266 
907 
908 
300 
870 

143.4 
241.4 
244.4 
24S.S 
246.3 
247. S 
24S.S 
249.9 
260.3 
261.1 
2681 
US.l 
284.0 
288.0 
286.0 
286.9 
287.9 
2S8.f 
ISO. 8 
260.f 

66 
6S 
«l 
63 
66 
66 
66 

e« 

67 
67 
"6f 
OT 
68 
68 
68 
68 
69 
00 
69 
•9 

6 

8 
0 

( 

tl  ».e 
11  so.e 

U   *1.9 
U    19. S 
U    M.8 
M    U.8 
ST    U.T 
U    M.T 
M   tl.T 
41   U.6 
(1    I0.« 
43    4S.S 
«    41. G 
«    iS.S 

45  41. S 

46  44.4 
4T   48.4 

so   48.3 
il    49.S 
SI    SO.S 
U   SI  .J 
S4   S9.S 
W   SI. I 
S«    H. 
ST    5S. 
B8    GO.a 
6B    S7.0 

e«  ss.fl 

08 
08 
06 
08 
00 
0« 
00 
OO 
10 
10 

IF 

11 
II 

19 
11 
19 
19 
Ij- 

13 
14 
14 

U 
16 

IS 

93 
9t 

94 

96 

08 
99 
100 
101 
103 
1«S 
104 

loe 

106 
107 
106 
lOB 

no 
111 

119 

ns 

114 

lis 
lie 

117 
118 
110 
120 

ST 
8S 

»g 

90 
91 
S3 
OS 

04 
OS 

06 

M 

100 
101 

103 

lOfl 
107 
108 
109 
110 
111 
119 

Its 

114 
114 

US 

( 

8 

its 

38 
94 
94 

94 

26 
9S 
9S 

9S 
96 
96 
96 
96 
97 
97 
2T 
38 
38 

as 

28 
39 
99 
99 
99 
10 
SO 
SO 
SO 
31 

6 

1 

IS! 
ISS 
154 
1E3 

ise 

137 
ISB 
ISO 
160 
161 
161 
163 

16S 
166 
167 
168 
109 
170 

173 
171 
ITS 
170 
ITT 
ITSl 
ITfll 
18d 

1*6! 
UT. 

149! 
ISO. 
ISl. 
183. 
ISS. 
184. 
1887 
166. 
157. 
188. 
189. 
160. 
161. 
Ittt. 
■68. 
104. 
168. 
106. 
I6T. 
168. 
169. 
170. 
171. 
171. 
173. 
173. 

19.1 
S9.6 
SO.O 
40.1 
40.4 
40.0 
40.9 
41.3 
41.4 
41  .T 
41.0 
48.9 
43.4 
49.7 
41.0 
41.9 
4S.6 
41. T 
44.0 
44.8 
44.6 
44.8 
45.0 
4S.t 
48.6 
n  48.6 
i  46.1 
*  46.8 
M  46.6 

911 
813 
911 
914 

ais 

316 
SIT 
SIB 
819 
S30 
SSI 
322 
223 
284 
99S 
936 
927 
938 
999 
910 
231 
233 
23! 
311 
838 
336 
337 

840 

304 

zos 

206 
M7 
206 
209 
210 
211 
219 

218 

216 
217 
21s 
219 
280 
231 
283 
288 
234 
236 
296 
227 
238 
226 
229 
230 

B 

1 
7 
« 
6l 
6 
S 

■5 
4 
4 

4 

S 

s 

s 

a 
3 

3 

1 
1 

1 
0 

1 

1 
» 

S4.g 
SS.l 
88.4 
88.6 
88 .0 
86.3 
86.4 
86. T 

se.e 

ST. 9 
87.8 

88  !o 
88. S 
88.6 
88.8 
89.0 
60.1 
60.6 
69.8 
60.0 
60.1 
60.6 
00.8 
61.1 
61. S 
61.6 
61.9 
69.1 

171 
173 
173 
174 
376 
376 
377 
376 
379 
380 
981 
883 
888 
384 
386 
386 
287 

100 
201 
191 
891 

894 
198 
196 
297 
198 
299 

Ml.t 
M8.T 
161.7 
264.T 

166  .e 

166.6 
MT.fl 
268.8 
UO.S 
9T0.S 
8TI.4 

S:! 

iT4.1 
2T6.a 
2T6.S 
UT.S 
2T8.S 
270.9 
280. 1 

mTT 

i-i 

£89. t 

TO 
TO 
79 
70 
Tl 
71 
71 
78 
73 
71 
■79- 
78 
71 
71 
71 
74 
74 
74 
7* 
76 

"tT 

76 
76 

76 
76 
7« 
T« 
77 
TT 
77 

>i«   Uep 

Lat. 

DkL 

Dep. 

u. 

l^ 

l>p 

1  Lat. 

Dist, 

Dep. 

Lat. 

Dist. 

Dep. 

"■II 

For  78  Degree*.         | 

n 

TABLE  U. 



ilUftnnc*  of  Utitad«  ud  Daputan  for  U  DagnM.               J 

UM 

Lat 

i>.p. 

Di«i. 

IM. 

U«p. 

DUL 

LU. 

Dq,. 

DfaL 

LM. 

D^ 

1^ 

1^ 

Dep. 

— ] 

in 

00. a 

•1 

BO.S 

14.8 

1« 

utTJ 

9B.I 

181 

ifO 

48.8 

-m 

ml 

S8.: 

1 

•1 

9 

00. B 

01 

60 

IS 

0 

1«9 

118 

4 

9B.S 

189 

178.1 

44.0     949 

■S4.fl 

•8.* 

■ 

n 

9 

00. T 

w 

•1 

U 

1 
B 

ISI 

119 

1 

M.8 

181 

177.1 

44.1 

94S 

>•«.• 

•8.1 

4 

u 

9 

01 .0 

•4 

OS 

It 

194 

190 

1 

M.O 

184 

178. S 

44.B 

SI4 

■••.8 

S9.I 

t 

M 

9 

01. a 

•I 

•t 

u 

7 

ISt 

191 

•O.S 

181 

I79.B 

44. B 

k4S 

■tr.T 

SB.l 

t 

•6 

g 

01  .B 

6« 

•4 

18 

0 

190 

193 

10.5 

188 

180.1 

48.0 

8«S 

998 .1 

I9.t 

r 

M 

8 

01. T 

« 

OS 

18 

9 

197 

I9t 

10.7 

187 

181.4 

48.9 

S4r 

■•9.7 

sg.8 

e 

t7 

8 

01. B 

OB 

00 

1« 

S 

198 

194 

tl.O 

18S 

18S.4 

48.5 

948 

•40.8 

•0.1 

9 

•8 

r 

9S.1 

69 

•T 

IS 

7 

ISP 

19S 

Sl.l 

180 

181.4 

4f.T 

949 

S41.a 

•O.I 

Ji 

•0 

1 

OS. 4 

T« 

or 

10 

9 

ISO 

198 

It  .4 

190 

184.4 

••.• 

9t0 

S4s.a 

••.1 

1« 

T 

OS.T 

n 

"(5" 

"17 

8 

Ml 

Sf 

11 .7 

TBI 

ISB.t 

m 

«? 

94S.S 

•t.T 

11 

11 

« 

ei.B 

n 

•B 

It 

4 

lU 

198 

11.9 

IBl 

186.1 

••.4 

9BS 

944  .< 

•I.I 

11 

IS 

• 

01.1 

n 

TO 

17 

Its 

199 

■9.1 

IBl 

187.1 

4^.7 

9SS 

s«s.« 

•1.1 

14 

13 

6 

•1.4 

1* 

Tl 

11 

9 

IS4 

ito 

t9.4 

1B4 

188.3 

46.9 

SS4 

946.1 

•1. 

11 

14 

81 

OI.O 

n 

n 

18 

1 

lit 

111 

U.T 

IBB 

189.8 

4T.9 

SU 

ur.4 

•I.I 

OI.B 
•4.1 

n 

74 

18 
18 

4 

e 

iir 

Its 

111 

U.B 
■1.1 

IBS 

1B7 

1B0.8 
191.1 

II 

l« 

1 

fi 

47!7 

8tT 

■49!< 

ssl: 

■• 

17 

•1.4 

T» 

18 

9 

Its 

111 

U.4 

1B8 

1B8.1 

47. B    St^ 

■•9.9 

•8.. 

11 

IB 

•1.0 

T* 

f» 

IB 

IIB 

114 

U.i 

IBB 

IBt.I 

48.1 

St« 

■Cl.l 

«S.T 

M 

19 

•I.S 

S« 

fT 

U 

4 

140 

Its 

U.B 

9ft* 

1B4.I 

48.4 

S8« 

U9.I 

01. 

~ii 

"ST 

1 

~81 

78 

19 

6 

141 

^ 

i 

TTi 

901 

IBt.O 

48.6 

901 

US.9 

«: 

M 

SI 

] 

•lis 

•• 

79 

19 

8 

14S 

187 

•4.4 

t«9 

108.0 

4B.9 

989 

9*4.9 

«t.. 

n 

■a 

■ 

•1.6 

M 

80 

10 

la 

118 

•4.8 

901 

1«7.« 

49.1 

9«a 

9*5.9 

«t.l 

H 

n 

■ 

Ot.8 

84 

81 

90 

S 

144 

IIB 

t4.e 

9M 

IBT.B 

49.4 

904 

W8.9 

a.i 

U 

t4 

1 

•6.0 

SB 

89 

9* 

8 

141 

140 

7 

U.l 

9^5 

188.9 

49.6 

9« 

9*7.1 

•4.: 

w 

» 

s 

•6.1 

8* 

81 

90 

8 

148 

141 

T 

is.t 

90« 

180.9 

49.8 

988 

9*8.1 

M.< 

ft 

M 

1 

•6.) 

n 

S4 

91 

0 

14T 

143 

ft 

15.6 

9»T 

■OO.B 

S«.l 

967 

9*9.1 

e4.< 

M 

ST 

08.8 

m 

BS 

91 

8 

148 

141 

ft 

U.B 

9*8 

Ml. 8 

•9.1 

988 

980.0 

84.1 

M 

S8 

•7.0 

B» 

•8 

91 

S 

149 

144 

ft 

•6.0 

9^9 

■08.8 

••.< 

989 

981  .• 

•t.l 

-a 

S> 

J 

•r.s 

-in 

01 

87 
•8 

91 
89 

8 
0 

ISO 
IBl 

I4i 

146 

B 

S 

H.I 

ITb 

910 

Mn.i 
104 .7 

t*.B 

ITo 

978 
97i 

■89.0 

ml 

•1.1 
81  .< 

u 

SI 

1 

n.t 

OS 

89 

99 

S 

119 

147 

ft 

■8.8 

919 

■•6.T 

SI.S 

in 

aa.9 

81.: 

Ul 

ss 

• 

•e.o 

M 

•0 

91 

s 

ISt 

148 

0 

■7.0 

911 

MO.^ 

Cl.S 

978 

a84.B 

8S.< 

H 

N 

W 

•e.B 

M 

91 

99 

IS4 

149 

4 

■T.I 

914 

M7.« 

•1.8 

974 

ISS  .9 

at. 

U 

•4 

• 

oe.s 

•• 

M 

St 

0 

ISS 

IM 

4 

IT.S 

91S 

i8e.« 

ts.o 

97t 

M8.8 

■•J 

M 

14 

B 

oe.T 

m 

•i 

n 

9 

1S6 

ISl 

4 

IT.T 

916 

tOB.C 

S9.I 

978 

■87.8 

81.1 

« 

U 

1 

os.o 

ar 

M 

9t 

S 

IST 

in 

t 

■8.0 

817 

110. « 

6S.S 

tn 

M8.e 

•r.i 

•^ 

H 

B 

•g.a 

m 

•s 

St 

1 

1S8 

IBS 

S 

18.8 

918 

Ill.S 

BS.T 

878 

2SB.T 

87.1 

*» 

tr 

( 

00.4 

B» 

96 

94 

0 

1S9 

1S4 

t 

■8. 5 

919 

119. S 

61.0 

97* 

270.7 

•T.i 

4* 

•e 

« 

OS.T 

MW 

97 

94 

9 

180 

155 

3 

■fl.7 

930 

lit, 6 

S^.S 

S8ft 

271.7 

ff.I 

41 

to 

i 

OB.O 

101 

"98 

■m 

4 

181 

lie 

8 

■e.B 

831 

114.4 

"mIs 

mT 

278.7 

».l 

41 

40 

B 

10. e 

lOS 

99 

94 

169 

157 

3 

tB.9 

981 

m.4 

Bl.T 

S88' 

ITS.ft 

•8.1 

4» 

41 

7 

10.4 

lot 

99 

34 

9 

l«l 

158 

3 

IB.  4 

381 

m.4 

SI.B 

981 

274.01 

88.1 

44 

4a 

1 

10.0 

104 

100 

St 

8 

184 

150 

IB.T 

884 

U1.» 

54.3 

984 

175.8 

68. 1 

4« 

41 

7 

10. D 

lOB 

101 

SS 

16S 

160 

1 

■B.9 

■85 

116.1 

54.4 

185 

176. B 

«8.> 

40 

44 

<^ 

11. 1 

104 

lOS 

3S 

0 

186 

181 

40.9 

986 

219.1 

54.7 

988 

m.6 

Bt.l 

4T 

4t 

ai 

11.4 

10) 

SS 

9 

187 

183 

1 

40.4 

997 

180.1 

54.9 

987 

178.5 

69.' 

48 

46 

(^ 

li.e 

loe 

104 

96 

168 

I6t 

0 

40.6 

■38 

131  .B 

05.9 

988 

279.4 

m.T 

4» 

47 

s 

11.9 

109 

100 

9« 

I6B 

184 

0 

40.9 

839 

118.8 

S5.4 

989 

280.4 

6V.« 

SB 

48 

B 

IS.l 

110 

100 

98 

0 

18S 

• 

41.1 

310 

181.8 

SS.6 

8B0 

^81. 4 

It) 

SI 

4» 

111 

107 

30 

9 

"iri 

166 

41.4 

IsT 

184.1 

St  .9 

■ei 

188.4 

Si 

U 

< 

13  ie 

lis 

108 

37 

1 

179 

160 

B 

41.6 

SIS 

18S.1 

S6.1 

SB9 

281.1 

70.1 

SI 

4 

ia.8 

lit 

109 

37 

1 

ITS 

187 

41  .D 

IBS 

286.1 

66.4 

891 

2B4.B 

7t.« 

5S 

4 

IS. I 

114 

110 

37 

e 

174 

188 

a 

48.1 

814 

287.0 

S6.S 

8BI 

185.1 

71.1 

SI 

4 

IB.S 

lU 

111 

6 

SI 

B 

17  J 

8 

49. B 

■IB 

218.0 

50.9 

905 

186.8 

II  .J 

M 

; 

II. t 

110 

lis 

6 

88 

1 

176 

43.0 

8»e 

289.0 

57.1 

196 

187.8 

11.* 

M 

1. 11.11 

IIT 

lit 

S 

3ft 

) 

1T7 

171 

7 

SST 

210.0 

6T.I 

801 

288.1 

71  .fl 

56 

14.0 

114 

6 

e 

178 

178 

t' 

4l!l 

818 

810  .B 

ST. 6 

998 

289.1 

n.i 

ST 

14.S 

119 

IIS 

2B 

8 

171 

7 

41  .S 

asff 

811.  B 

ST. 8 

imt 

290.1 

78.1 

60 

S8 

14. B 

IZO 

116 

4 

39 

0 

1B( 

174 

7 

41  .S 

840 

218.9 

56.1 

■00 

891.1 

78.* 

i^ 

iZip- 

Lat 

D^ 

■^ 

Diit 

£!?■ 

1*1. 

Dht 

D»P- 

Lat. 

DiaL 

D«p. 

t^r. 

T^ 

6DC 

gna 

TABLE 

,n. 

91 

DiAmee  of  Lfttlt«ae  and  Dcpartore  for  15  Degrees. 

)bt  Lit 

D^ 

Dbt 

\^ 

D«p. 

DiM. 

Ltt. 

Dep. 

ra«. 

LaL 

El 

Dtn. 

Ul 

Dep 

1  n. 

"oal 

61 

Ml 

IP 

"iSi 

moTb 

"iTi 

-I8i 

174.8 

■941 

STb 

68. 

1    01. 

W.B 

«9 

SO 

0 

191 

117 

11.6 

189 

17B 

47 

849 

HI 

62. 

1    M. 

OO.S 

01 

60 

1 

191 

118 

■1.8 

183 

176 

«7 

243 

934 

63. 

<    M. 

»1.0 

S4 

61 

6 

194 

ri9 

■9.1 

17T 

47 

344 

235 

63. 

I   M. 

•1.1 

OS 

81 

8 

I9S 

120 

■9.4 

178 

47 

943 

236 

63. 

I   OS. 

01.6 

06 

61 

1 

186 

111 

19.  C 

186 

179 

48 

846 

237 

63. 

1    06. 

01.8 

67 

04 

B 

187 

l» 

19.9 

187 

180 

48 

847 

118 

81. 

(    07. 

09.1 

68 

65 

6 

18B 

111 

U.l 

188 

161 

48 

7     948 

»B 

04. 

08. 

09.1 

69 

66 

0 

190 

194 

11.4 

180 

168 

48 

9     949 

140 

64. 

H 

00. 

n.e 

70 

07 

1 

lU 

195 

11.6 

100 

183 

49 

2     2tO 

Ml 

1 

'10. 

71 

08 

111 

196 

11.0 

191 

184 

40 

4     211 

143 

"mT 

11 

11. 

03.1 

79 

OB 

111 

127 

34.2 

IBl 

7     159 

24B 

61. 

II 

IS. 

0S.4 

TI 

IIS 

198 

■4.4 

IBl 

0     SSI 

244 

6i. 

H 

to. 

03.0 

74 

n 

114 

199 

■4.7 

1B4 

ler 

so 

9     954 

245 

63. 

» 

14. 

01.9 

Ti 

71 

lis 

110 

14.9 

IBB 

186 

50 

S     8SS 

66. 

le 

15. 

04.1 

76 

71 

116 

■S.2 

ID6 

189 

50 

7     256 

247 

06. 

17 

16. 

01.4 

77 

74 

137 

113 

■5.5 

190 

51 

0     357 

148 

66. 

18 

IT.^ 

04.7 

78 

75 

90 

19R 

111 

■5.7 

1B8 

191 

SI 

3     3Se 

249 

66. 

ID 

18.4 

04 .0 

70 

76 

80 

139 

114 

M.O 

ISft 

199 

51 

3SD 

250 

07. 

» 

19 

00.3 

80 

77 

90 

140 

115 

18.9 

900 

193 

51 

251 

67. 

OS  .4 

81 

"aT 

141 

116 

-SoTo 

201 

194 

59 

"361 

159 

"otT 

M.l 

OS  .7 

89 

79 

81 

111 

117 

10.8 

202 

195 

S8 

869 

153 

«7. 

» 

u.a 

06.0 

88 

80 

81 

14B 

138 

37.0 

201 

■06 

58 

5     861 

U4 

68. 

u 

3*. J 

00.9 

84 

81 

91 

119 

17.) 

204 

59 

Ml 

155 

68. 

It 

94.1 

OO.S 

BB 

89 

91 

140 

17.5 

900 

198 

5) 

86S 

856 

68. 

M 

U. 

06.7 

80 

81 

93 

146 

141 

17.8 

906 

51 

26b 

156 

68. 

£7 

96.1 

07.0 

87 

84 

39 

14T 

149 

■8.0 

207 

51 

807 

2ST 

69. 

97. 0 

OT.l 

88 

SB 

99 

148 

141 

38.B 

208 

61 

368 

69. 

» 

98. e 

07.6 

89 

86 

31 

140 

141 

18.6 

209 

Ml 

54 

969 

150 

69. 

to 

99.0 

07.8 

86 

9» 

150 

144 

38.8 

810 

M9 

54 

870 

260 

69. 

~1! 

99.S 

08.0 

~n 

87 

■» 

151 

14t 

39.1 

In 

MB 

64 

871 

201 

ToT 

M 

U.I 

08.1 

99 

SB 

91 

159 

146 

•9.1 

218 

104 

54 

379 

263 

70. 

S) 

31.(1 

08.S 

91 

89 

84 

151 

147 

19.6 

811 

105 

55 

973 

W3 

70. 

u 

39. E 

08.8 

94 

90 

84 

154 

148 

19.9 

814 

206 

55 

374 

264 

70. 

IS 

SI.C 

00.1 

96 

91 

34 

155 

I4B 

40.1 

915 

207 

55 

9TS 

265 

71. 

H 

34 .( 

00.3 

96 

91 

94 

1S6 

150 

40.4 

816 

208 

0 

976 

260 

71. 

17 

36.7 

09.6 

or 

91 

26 

IS7 

151 

40. 0 

217 

20B 

6 

50 

977 

267 

71. 

■a 

16. 

oo.e 

06 

94 

36 

158 

1S3 

40.0 

218 

no 

6 

56 

878 

268 

79. 

SB 

40 

37. 

10,1 

90 

95 

86 

ISO 

151 

41.9 

219 

211 

56 

379 

we 

71. 

38. 

10.4 

100 

96 

85 

154 

41.4 

220 

56 

980 

270 

78. 

41 

Tor 

10. a 

"97" 

96 

lai 

41.7 

231 

318" 

ST 

"981 

m 

79. 

a 

4«. 

lO.O 

los 

98 

96 

16:2 

41.0 

922 

114 

57 

983 

279 

71. 

4* 

41. 

U.l 

108 

99 

96 

IBS 

48.9 

991 

lis 

57 

988 

273 

71.1 

44 

49. 

11.4 

104 

100 

90 

104 

49.4 

984 

810 

58 

984 

274 

71. 

4a 

4t. 

11.6 

106 

101 

97 

IBS 

49.7 

995 

217 

58 

385 

2TS 

71. 

40 

44. 

11  .s 

too 

109 

97 

106 

41.0 

936 

»S 

S8 

986 

276 

74. 

47 

4A. 

11. )i 

lOT 

101 

27 

167 

41,2 

927 

lift 

58 

987 

2T7 

74. 

48 

4a. 

11.4 

loe 

104 

lOB 

163 

41. B 

998 

no 

50 

988 

2TB 

74. 

48 

47. 

11. T 

loe 

IB 

I6S 

41.7 

99bI 

981 

SO 

*aa 

270 

74. 

fid 

4B. 

19  .fl 

110 

106 

18 

170 

1 

44.0 

HO 

Z28 

59 

900 

280 

TS. 

&I 

49. 

IS. a 

111 

107 

28 

171 

IM 

■; 

44.1 

Ml 

^ 

"so 

801 

281 

«r 

S9 

50. 

11. B 

US 

99 

178 

100 

44  .B 

91^ 

984 

60 

909 

283 

rs. 

fig 

51. 

11. T 

lis 

29 

173 

107 

44.8 

988 

2SS 

00 

989 

281 

76. 

S4 

58. 

14.0 

114 

29 

174 

108 

! 

45.0 

934 

920 

60 

994 

184 

76. 

sa 

SB. 

14.1 

IIS 

29 

ITS 

169 

0 

4S.B 

935 

WT 

60 

995 

284 

76. 

ae 

54- 

14.5 

116 

119 

10 

17G 

170 

0 

41.6 

930 

228 

61 

996 

2B5 

76. 

B7 

14.8 

117 

10 

in 

171 

0 

4S.8 

837 

228 

61 

997 

186 

7«. 

S8 

15.0 

118 

114 

10 

178 

171 

9 

46.1 

238 

299 

01 

998 

287 

77. 

G» 

57. 

15.1 

119 

114 

•0 

8 

171) 

179 

9 

40.B 

230 

230 

01 

800 

188 

1 

77. 

M     SB. 

15.5 

115 

81 

1 

180 

171 

if 

40.0 

940 

231 

■00 

189 

f 

T7. 

Dbt    l>cp 

Lat. 

Dtot 

Dep. 

nr 

—I 

Dpp.' 

Lat. 

DIM 

P'P- 

"u 

Dirt 

Dq^ 

LM. 

N                                              TABLE  U. 

DUannc.  of  l^titatU  tnd  Dap«tara  for  14  OtgnM. 

Dkt 

L«L 

b^ 

DiM. 

LU. 

■3^ 

DM. 

Lat. 

DfV. 

DiiL 

IM. 

D«p. 

& 

I^ 

5± 

~T 

"•n 

00. 

~« 

SO.l 

liTi 

wi 

lUA 

99.1 

181 

ITB.S 

tt.8 

Mi 

STi 

BS.l 

«l.« 

•0.5 

M 

60 

16 

0 

m 

118.4 

90 

B 

ISl 

IT6.) 

44.0    Itl 

M.6 

68J 

1 

M.» 

00.7 

M 

61 

IB 

1 

m 

II9.S 

99 

a 

181 

ITT.t 

44.1 

»n 

MS  .6 

B8.e 

4 

U.t 

•1.0 

•4 

OS 

15 

5 

114 

I90.S 

10 

0 

184 

IT8.B 

44.B 

944 

lOO.S 

S9.< 

• 

04 .« 

•I.S 

W 

61 

15 

T 

i» 

191.1 

10 

1 

ISt 

ITO.B 

44.8 

US 

UT.r 

■0.: 

4 

•I.B 

•1.5 

08 

64 

16 

0 

IM 

in.s 

■0 

s 

IM 

I80.B 

40 .0 

94« 

m.r 

■O.i 

ee.B 

•I.T 

m 

•5 

IB 

9 

IIT 

IS1.9 

10 

T 

I8T 

181.4 

40. 1    14T 

U9.r 

50.1 

fl 

•7.8 

•l.I 

•8 

66 

M 

5 

in 

■94.9 

11 

0 

188 

189.4 

4S.S 

148 

940.6 

60.1 

9 

u.r 

09.1 

« 

6T 

IS 

T 

190 

195.9 

*t 

1 

189 

181. < 

4B.T 

149 

141 .6 

60.: 

10 

«.T 

•9.4 

TO 

er 

16 

g 

IH 

196.1 

*1 

4 

10* 

184.4 

46.6 

ISO 

Ml  .6 

M.i 

"it 

09.; 

ri 

68 

IT 

1 

111 

lifTl 

SI 

T 

-m 

las.t 

46.9 

161 

141.6 

61.1 

11 

ei.t 

Tl 

60 

IT 

4 

111 

198.1 

SI 

9     109 

I8B.I 

46.4 

969 

144.6 

61.1 

II 

•*. 

n 

TO 

IT 

1 

111 

190.0 

■1 

1 

101 

IBT.I 

4t.T 

961 

146.6 

61.: 

14 

01.4 

r4 

TI 

IT 

9 

114 

lU.O 

SI 

104 

118.1 

4t.9 

964 

U6.S 

61.. 

11 

•*.« 

rs 

ri 

16 

lis 

lll.« 

SI 

T 

198 

IBO.ll 

4T.9 

MS 

UT.4 

61.1 

le 

19  !l 

oi.g 

n 

ri 

18 

4 

IH 

tis.o 

M 

9 

106 

100.1 

47.4 

■6« 

■48.4 

61.1 

IT 

le.a 

•4. 

n 

T4 

18 

6 

IIT 

IIS.O 

IS 

1 

lOT 

101. 1 

41. T 

9ST 

140.4 

61.: 

IS 

IT.t 

04.4 

n 

T» 

r 

18 

9 

lU 

111.9 

■1 

196 

109.1 

4T.0 

968 

■60.1 

at. 

i« 

18.4 

04.<1 

n 

n 

IV 

110 

114.9 

SS 

6 

199 

101 .1 

48.1    9S0{ 

■61.1 

at.) 

M 

10.4 

•4.8 

m 

TT 

10 

4 

140 

IIS. 8 

SS 

B 

900 

194. 1 

48,4 

960 

■tl.l 

61.: 

~ii 

10.4 

"oJT 

~ii 

Tl 

-f 

To 

6 

141 

116.8 

S4 

"l 

901 

iwl 

41.« 

961 

Ut.l 

Sa 

99 

11.1 

•4.1 

•9 

» 

«i 

10 

8 

149 

IIT  .6 

S4 

4 

909 

106.6 

4S.9 

S69 

■64.1 

<tv 

91 

91.1 

•5.fl 

•1 

80 

* 

M 

1 

141 

118.8 

S4 

6 

90S 

IVT.O 

49.1 

•68 

■66.1 

M.I 

94 

n.i 

05.8 

M 

11 

* 

M 

1 

144 

119. T 

14 

8 

904 

lOT.O 

40.4 

964 

■S6.S 

<l.l 

9i 

94.1 

•s.o 

•i 

81 

• 

M 

6 

I4t 

I40.T 

SS 

1 

90S 

l«B.fl 

40.6 

166 

UT.I 

8«. 

9i 

IS  .9 

•t.l 

M 

n 

4 

M 

8 

146 

Ul.T 

IS 

■ 

906 

100.0 

40.8 

966 

168.1 

8«. 

9T 

M.9 

W.E 

m 

84 

4 

91 

I4T 

149.6 

SS 

B 

an 

MO.I 

S*.l 

MT 

MO.I 

84.1 

9i 

9T,9 

••.8 

m 

•t 

1 

146 

141.6 

SS 

8 

9m 

Ml. a 

t«.S 

M8 

■66.8 

•«.i 

.91 

18.1 

or.o 

80 

ae 

11 

149 

114.6 

l« 

0 

900 

W9.8 

56.6 

980 

Ml.« 

•5.1 

i« 

M.l 

fT.I 

M 

IT 

S  " 

B 

ISO 

14t.S 

16 

S 

910 

Ml  .8 

S6.8 

9T0 

Mi.a 

•5; 

Ti 

loa 

"sn 

~5i 

se 

19 

0 

ISI 

uO 

"is 

T 

111 

W4.T 

Sl.O 

971 

161 .8 

81.1 

u 

•i.» 

tr.T 

09 

so 

91 

1 

Itl 

14T.S 

16 

8 

911 

Mo.Tl 

■I.I 

v4 

Ml.t 

•5,1 

u 

19. t 

m.Q 

n 

00 

11 

5 

151 

l4t.S 

IT 

• 

111 

M6.r 

■i.a 

an 

M4.f 

86.1 

u 

U.* 

•8.1 

M 

01 

99 

T 

154 

140.4 

IT 

1 

m 

I07.6 

SI  .8 

9T4 

186 .0 

M.I 

u 

M.» 

08.E 

M 

09 

n 

0 

1st 

1H.4 

IT 

s 

lis 

N8.6 

a.» 

ITS 

M6.8 

•SJ 

H 

»4.ff 

•B.T 

98 

H 

9S 

1 

156 

ISI  .4 

W 

T 

116 

100.6 

S9.1 

9T6 

MIT.8 

86.1 

IT 

■6.* 

09.0 

04 

U 

s 

1ST 

IS9.S 

•8 

0 

tlO.6 

S9.5 

m 

Ma.e 

87.1 

M 

*«.» 

09.: 

05 

a* 

T 

158 

Its.! 

18 

1 

1181 

ill.S 

B9.T 

1T8I 

MO.T 

87.1 

M 

98 

■4 

0 

ISO 

IS4.t 

16 

s 

11« 

111.6 

61.0     ITOl 

170.T 

6T.I 

4* 

n!) 

D»!' 

or 

14 

9 

166 

ISS.l 

18 

7 

ami 

us.s 

68.9     980' 

171.7 

£l 

41 

BO.B 

oo.s 

"ioi 

98 

14 

4 

161 

ise.9 

la 

0 

■ST 

114.4 

Sl.S 

Ml 

mTi 

£■: 

49 

4D.8 

10.1 

109 

90 

14 

T 

i«a 

IST.S 

so 

s 

99^ 

ii«.4 

Sl.T 

189 

178, g 

48,: 

41 

41  .T 

ID. 4 

101 

99 

14 

9 

161 

IS8.9 

■0 

ta 

116.4 

C1.9 

m 

■74.4 

W.i 

44 

4a.T 

10. fl 

104 

too 

15 

> 

164 

1B9.I 

IS 

T 

iU 

m.i 

64.9 

984 

175.8 

68.) 

4S 

41.T 

10.! 

IM 

15 

165 

lao.i 

10 

0 

13B 

IIB.S 

S4.4 

986 

176.S 

68.' 

46 

44.0 

IM 

109 

15 

166 

101.1 

46 

9 

118 

iie.s 

84.7 

986 

1TT.8 

68. 

4T 

4t.O 

ll!4 

lOT 

101 

W 

9 

167 

169.0 

40 

HT 

110.I 

S4.0 

98T 

IT8.f 

80. 

48 

46.6 

11. C 

JOB 

IM 

98 

1 

168 

t6>.0< 

40 

6 

198 

m.s 

BS.8 

988 

270.4 

•O.I 

49 

4T.a 

11. t 

100 

lOS 

16 

4 

169 

164.0 

40 

g 

1130 

i».i 

61.4 

980 

im.4 

80.S 

SO 

48. S 

11. 

110 

106 

90 

G 

170 

165.0 

41 

1 

S«0 

nt.a 

S6.6 

»0 

181.4 

to; 

4U.6 

TO 

111 

LOT 

M 

B 

166.0 

41 

4 

281 

M4.I 

■5.9 

991 

181.4 

IT 

S9 

SO.B 

ii.< 

119 

loe 

IT 

186.9 

41 

6 

98S 

215,1 

66.1 

999 

tss.i 

rt.f 

SI 
M 

51.4 
59.4 

11.8 
It. 

1)1 
114 

100 
110 

IT 

6 

16T.9 
188.8 

41 
41 

1 

911 

216. 1 

66.4 

991 

284.1 
285.1 

TO-S 
Tl.l 

914 

117.0 

66.6     991 

51.4 

IS.) 

lit 

111 

IT 

8 

109.8 

*a 

1 

SIS 

118.0 

66.9     905 

166.11 

Tl-J 

U 

54.1 

ll.S 

iiel 

111 

18 

170.8 

6 

916 

110.0 

isr.1 

71 -« 

ST 

55.1    ll.S 

IIT 

lis 

5    18 

) 

ITI.T 

42 

13T 

ISD.O 

67. S 

907 

188.1 

Tl.il 

58 

Sfi.l 

11.0 

118 

114 

18 

fi 

ITST* 

888 

210.0 

a7.6 

998 

189.1 

III 

SS 

ST.! 

14.1 

119 

115 

18 

8 

173.1 

» 

SOD 

211.0 

6T.8 

900 

290.1 

T»-l 

60 

58.1 

14 .5 

120 

118 

to 

0 

180 

4S 

240 

211.9 

58. 1 

too 

291.1 

71 -f 

DiM.   I>ep. 

Lat 

Ditt. 

Dep. 

Ts: 

Diit 

D^ 

^ 

Dkt 

Dep. 

Lat 

DisL 

Dep. 

ly<. 

■sa 

For  76  Degrees 

= 

TABLE.  II.                                              31  1 

IM. 

1 
i 

i 
1 

1 
1« 

oT 

01 
M 
W 
(M 
M 
M 
OT 
W 
W 

• 
8 
0 
0 

8 
8 
8 

T 
I 

00 .» 

08  le 

01 .0 

01 .» 

01 .« 
01 .8 
09.1 
09.1 
09 .6 

n 
« 

04 

«* 

00 

67 
08 
«0 
TO 

"Si" 

60 
60 
61 
69 
OS 
04 
66 
6« 
07 

IS 
16 

Dbt. 

"isi 

199 
191 

194 

196 
IST 

190 
ISO 

La 

m 

117 
118 

no 

ISO 
191 
192 
199 
194 
19S 

ixn 
TT 

SI 

11 

S9 
S9 
39 
39 
33 
83 
» 

. 
■3 

6 

8 

4 

6 

i» 

184 

18* 
186 
1ST 
ISS 
189 
10* 

1T4.8 
IT6.8 
176.8 
ITT  .7 
178. 7 
IT9.7 
180.8 
181.8 
188.0 
188.0 

De 

4« 

*T 
4T 

47 
47 

48 
49 

Dbi. 

"2n 

24! 

244 
246 
940 
24T 
248 
249 
250 

Lnt 

oTs 
m.8 

114.7 
2S9.I 

ise.T 

237.6 
218,6 
219.6 
MO. 5 
Ml  .5 

Dep. 

08!< 
69.9 
08.9 

08. 
«S.7 
<S.9 
04.S 
64. < 
64.7 

11 
l> 
1» 
U 
11 

11 

IB 
10 

» 
91 

M 

u 

M 
« 

28 

aa 

M 

11 
i» 
u 

M 
*S 
M 
■T 

88 

■e 

40 
41 
4S 
U 
44 
44 
41 

41 

"sT 

S2 
SI 
61 

ts 

ss 

OT 

e» 
c& 
w 

11 

IS 
IS 
14 
IS 

le 

IT 
IS 
10 
M 
91 
99 

SS 
96 
97 
98 
SO 
90 
M 
SI 
19 
IS 
M 
U 
H 
»T 
SB 

-n 

4t 
41 
49 
4S 

44 
45 

46 
47 
48 
40 
SO 
SI 
S9 
53 
S4 
56 
60 

88 

0 
9 

6 

09.8 
OI.I 

01.0 
OS.O 
04.1 
01.4 
M.T 
04.0 
06.9 
06.4 
OS.T 
W.O 

oa.i 
oe.t 

06.7 
OT.B 
0T.9 
07.6 
07. e 

oe.D 
«e.9 

08.6 
08.8 
00.1 

oe.s 

00. B 
00.8 
10. 1 
10.4 

loTe 

10.0 

11. 1 
11  !e 

11 .0 
19.9 
19,4 
19.T 
19.0 

is!6 

14.0 

14.6 
14.8 

TI 
79 

71 
74 

TU- 
TS 
77 
TB 
Tff 
80 
81 
89 

as 

84 

86 

m 

87 
8t 

-91 

« 
04 
OG 
96 
07 
08 
0» 
100 
101 
109 
lOS 
104 
IOC 

ion 

107 

lot 
lis 

118 
114 
119 
HI 

119 
120 

OH 
00 

Tl 

71 
74 

T5 
Tfl 
T7 
78 
70 
80 
81 
89 
81 
84 
Bt 
80 
86 

"bt" 

88 
80 
00 
BI 
09 
OB 
04 
OS 

ge 

07 
08 
DB 
100 
101 
109 

tos 

104 
106 
106 
107 
108 

too 

110 
111 
112 
111 
114 
114 
IIS 

so 

90 
20 
IT 
21 
91 
91 
99 
SS 
29 
29 
3S 
9S 
9S 
9S 
34 

94 
94 

26 
96 
96 

95 
38" 
96 
96 
98 
9T 
97 
9T 
98 
98 
88 
28 
90 
90 
20 
90 
■0 
SO 
10 
SO 
SI 

111 
1S9 
ISI 
1S4 
116 
IM 
UT 
118 
119 
140 
141 
149 
141 
144 
146 
146 
147 
148 
148 
ISO 
131 
162 
IfS 
134 
1S6 

i«e 

157 

1S8 

ise 

180 
161 
161 
163 
164 
16S 
166 
107 
168 
lOB 
170 
171 
172 
ITS 
174 
ITS 
ITO 
177 
178 
17ff 
I80| 

196 
197 
198 
190 
110 
111 
133 
IS3 
114 
116 
116 
IST 
198 
ISO 
140 
141 
149 
149 
I4S 
144 

nr 

146 

147 
148 
140 
160 
161 
163 
16S 
164 
156 
156 
167 
168 
150 
160 
161 
163 
163 
164 
165 
166 
IBT 
168 
160 
170 
171 
171 
172 
17S 

3 

33 

S4 
S4 
34 
34 
Sfl 
35 
36 
36 
36 
36 
36 
37 
ST 
ST 
ST 
38 
88 
S8 
88 
"39 
89 
39 
89 
40 
40 
40 
40 
41 
41 
41 
41 
42 
49 
49 
43 
43 
43 
43 

"44" 
44 

44 

46 
46 

toi 

101 
lOS 
l»4 
106 
106 
107 
108 
100 
800 
801 

904 
20« 
200 
907 
308 
309 
SIO 
211 
319 
SIS 
914 
31S 
316 
21T 
918 
219 
230 
221 
222 

224 
936 
990 
927 
298 
220 
230 

yi 

933 
934 

936 
936 
937 
838 
830 
310 

184.6 
186.6 
186.4 
187.4 
188.4 
IB9.S 
190.1 
191.1 
1B9.2 
108.2 
194.3 
190.1 
196.1 
197.0 
106.0 
199.0 
190.0 

wo.g 

Ml  ,9 
109.8 
tMl 
104.8 
206.7 
206.7 
207.7 
208.0 
200.6 
210.6 
211.6 
2I9.S 

914:4 
316.4 

216.4 
217.8 
218.8 
219.8 
299.9 
281.9 
239.9 
2X8.1 

1S:1 

238.0 
228.0 
229.0 
280.0 
281.8 

49 
49 

SO 
SO 

so 

SO 

61 
31 
31 
69 
SS 
69 
59 
98 
SS 
SS 
SS 
64 
64 
64 
64 
66 
66 
66 
66 
66 
66 
66 
66 

■sr 

57 

68 
68 
68 
58 
69 

sg 

so 

50 
69 

00 
60 
61 
61 
61 
01 
62 

; 

251 
962 
251 
254 
9Se 

2se 

267 
2SB 
369 

8«] 
363 
301 
28t 
30« 
207 
208 
900 
970 
971 
979 
971 
974 
976 
376 
977 
378 
379 
S8« 
981 
989 
988 
984 
3SS 
980 
S87 
988 
989 
990 
291 
999 
899 
894 
996 
996 
297 
898 
209 
MO 

242.4 
241.4 

U4.4 
MS  .3 
i40.S 
247.3 
348.2 
240.2 
260. 2 
261.1 
268.1 
2SS.I 
164.0 
266 .« 
266.^ 
266.0 
2*1.0 
268.0 
U9.8 
MO.B 

m7b 

M9.T 
103  .T 
264. T 

S:S 

10T.6 
268.6 
100.6 
2T0.6 
2T1,4 
2T9.4 
2T1.4 
2T4.1 
2T6.1 
2T0.1 
2TT.8 
2T8.9 

m.i 

280.1 
281.1 
189.1 

tet.ii 

184 .« 

tS4.9 
«S.0 
286.9 
28T.e' 

z.i 

66.0 
66.2 
66.5 
65.7 
60.0 
00.3 
68.6 
68.8 
OT.O 
07.1 

6T!e 
08.1 
OB.l 

OB.O 
OB.B 
69.1 
•9.4 
60.6 
69.0 
T6.I 
T0.4 
70.7 
TO.O 
71.3 
TI.4 
Tl.T 
78.0 
78.8 
T9.S 
79.7 
73.0 
7S.9 
73.5 
TS.8 
74.0 
74.1 
74.6 
74.8 
76.1 

76  !o 
76. 8 
TO.l 
70.4 
T«.( 
TO.O 
T7.1 

Dep. 

Lat. 

DnL 

Dtp. 

UL 

UiM 

Dep. 

L.,. 

DIM 

Dep. 

Lat. 

DIM. 

Dtp. 

Lrt. 

^^ 

■■ 

^ 

m 

^^ 

^^ 

■a 

as 

TABLE  II.                                                   1 

DiflereBCe  frf  Latitade  ud  DepwlMe  for  10  DaiTMO.                      | 

DM 

Ut 

D^ 

INM. 

ImL 

Dep. 

Dlst 

Ut 

\^ 

Dirt. 

I^ 

\E± 

Dirt. 

UL 

D5J 

1 

01   0 

«o.s 

~6i 

"ssTo 

10  8 

~m 

lie  9 

n-A 

181 

IT4.0 

49.8 

841 

mTt 

"arTI 

X 

01 

00.6 

S9.'( 

17 

193 

117 

> 

39 

I8S 

IT4.S 

M.9 

att 

lU.O 

M 

s 

09 

00. e 

eo.o 

17 

193 

118 

8 

U 

ISt 

IT6.0 

59.< 

84] 

IU.6 

«T 

4 

03 

04 

61. S 

IT 

194 

!19 

9 

94 

1S4 

176.9 

H.7 

844 

114.* 

«T 

« 

04 

01.1 

as 

69.1 

17 

19S 

190 

9 

94 

18S 

ITT.8 

•1.0 

846 

as. I 

« 

< 

OS 

f 

06 

«S.4 

18 

U6 

191 

1 

H 

166 

iTe.e 

SI  .9 

846 

its.s 

67 

00 

•7 

64.4 

18 

197 

ISS 

1 

>fi 

167 

iTO-a 

•I.S 

t4T 

m.4 

W 

07 

09^2 

•8 

6S.4 

18 

196 

183 

IS 

188 

180.7 

SI. 6 

848 

■96.4 

«8 

4 

08 

09.5 

OO 

66.1 

10 

199 

194 

( 

93 

189 

181  .T 

62.1 

840 

■39.4 

W 

I< 

09 

09.8 

10 

67.1 

19 

130 

I9S 

9 

U 

100 

ira.6 

68.4 

SS6 

■40.9 

9 

66.! 

10 

191 

m 

1 

16 

101 

is:; 

lO 

1» 

Ml  .9 

~M 

II 

71 

00.9 

10 

118 

190 

M 

109 

184.6 

<S.0 

9S8 

149.9 

W 

II 

19 

73 

70.1 

90 

1U 

197 

H 

109 

1BS.S 

61.8 

9M 

141.8 

W 

ll 

IS 

74 

71.1 

SO 

134 

198 

SO 

IH 

ise.s 

SI. 6 

234 

M4.2 

70 

H 

7S 

79.1 

90 

190 

37 

106 

IST.4 

fil.T 

ISS 

14S.1 

TO 

II 

IS 

70 

Tl.l 

SO 

116 

190 

5 

S7 

196 

1BS.4 

■4.0 

9S6 

146.1 

IT 

16 

77 

T4.D 

91 

197 

131 

I 

37 

197 

189.4 

*4.1 

957 

147.0 

70 

IT 

Olio 

T8 

TS.O 

91 

116 

139 

T 

38 

IM 

IM.9 

64. 6 

936 

148.0 

71 

11 

18 

OS  .9 

70 

TS.9 

91 

119 

lU 

61 

■8 

190 

101.9 

S4.0 

939 

140.0 

71 

SO 

10 

OS.S 

60 

76.9 

99 

140 

114 

6 

■8 

800 

1S9.S 

(S.l 

960 

■40.0 

Tl 

81 

90 

OS  .8 

81 

T7.0 

99 

141 

liT 

S 

15" 

801 

191.9 

SS.4 

961 

iSO.9 

Tl 

as 

00.1 

Si 

TB.8 

99 

149 

130 

s 

99 

809 

194.2 

CS.T 

969 

ui.g 

79 

u 

99 

00.3 

83 

70.8 

99 

143 

137 

30 

909 

190.1 

66.0 

963 

us  .8 

79 

%* 

93 

06.0 

84 

60. T 

93 

144 

138 

90 

804 

196.1 

66.] 

964 

tsi.s 

T8 

3S 

94 

00.0 

84 

81 .7 

91 

I4S 

130 

40 

SOS 

lOT.t 

S6.S 

263 

1S4.T 

Tl 

90 

9» 

or  .9 

Bf 

88.7 

X* 

140 

40 

806 

196.0 

SO. 8 

906 

US  .7 

Tl 

97 

90 

07.4 

67 

83.0 

94 

141 

40 

SOT 

IS9.0 

BT.l 

867 

U6.7 

T9 

98 

9« 

07.7 

86 

84.0 

94 

146 

142 

40 

SOS 

190.9 

67.9 

9sel 

U7.0 

71 

90 

97 

08.0 

89 

8s.e 

94 

149 

143 

41 

soe 

100.9 

ST. 6 

900 

we-6 

T4 

BO 

96 

08.3 

00 

ea.s 

94 

B 

ISO 

144 

41 

210 

Ml  .9 

ST. 9 

9T0 

U9.S 

74 

31 

"»9 

1 

08  .'a 

~m 

ITS 

9S 

isl 

I4t 

"ST 

911 

102.8 

"Ml 

IfT 

M6.S 

T4 

S9 

10 

08.8 

n 

88.4 

8t 

IS9 

140 

41 

SIS 

Ml. 8 

S8.4 

ST9 

Ml  .3 

7S 

S3 

00.1 

09 

80.4 

9t 

ISl 

147 

49 

819 

104.T 

S8.T 

9T3 

M9.4 

TS 

04 

SO. 4 

9C 

1S4 

148 

49 

914 

103.7 

S9.0 

aT4 

M1.4 

7S 

i: 

U 

00. fl 

OS 

01. s 

86 

ISS 

140 

42 

21S 

W6.7 

S9.1 

9TS 

M4.3 

7S 

M 

00, e 

06 

69.1 

86 

1S6 

ISO 

43 

810 

107.6 

S9.S 

9TS 

M3.1 

76 

10.9 

97 

n.9 

as 

1ST 

ISO 

41 

217 

908.6 

39.8 

9TT 

M6.1 

T6 

se 

10.5 

08 

04.9 

87 

198 

131 

41 

818 

100.6 

60.1 

9T8 

167.8 

T« 

ST 

10. T 

DO 

90.9 

97 

ISO 

1S9 

41 

810 

110 .3 

60.4 

9I» 

Me.] 

T6 

IS 

too 

90.1 

97 

1S3 

44 

980 

211.S 

00.6 

980 

WO.] 

77 

41 

S9 

II. 1 

"eO 

97 

"iSi 

IS4 

-u 

891 

119.4 

00.0 

-Kl 

iforr 

IT 

49 

40 

li.e 

109 

08.0 

98 

169 

136 

44 

898 

m.4 

61.2 

888 

171.1 

TT 

41 

41 

11. s 

lOS 

00.0 

98 

169 

ite 

44 

293 

114.4 

61  .S 

881 

179.0 

T8 

44 

19 

19.1 

104 

lOO.O 

96 

164 

1ST 

4S 

984 

in.i 

61.7 

984 

ITl.O 

T8 

4S 

4S 

19.4 

lOS 

100.0 

96 

16S 

46 

88S 

110.1 

69.6 

S8S 

1T4.0 

T8 

4t 

44 

It.T 

106 

101 .0 

99 

166 

ISO 

4S 

896 

2IT.1 

69.1 

886 

■T4.0 

18 

107 

109.0 

99 

167 

100 

40 

887 

IIS.9 

69.6 

987 

ITS  .9 

79 

108 

101.8 

99 

166 

101 

46 

996 

110.9 

69.8 

888 

IT6.S 

T9 

ls!s 

109 

104.8 

30 

169 

46 

999 

910.1 

«1.1 

880 

■TT.8 

79 

ft( 

48 

13.8 

iio 

IOS.7 

30 

1T0 

109 

40 

990 

821. 1 

«3.4 

800 

ITB.8 

T» 

SI 

40 

14.1 

111 

30 

1T1 

TSt 

-m 

ma 

•3.7 

201 

So:? 

80 

69 

SO 

14. S 

119 

107  It 

30 

IT9 

lOS 

47 

839 

221.0 

03.1 

292 

MO.T 

89 

as 

SO 

14.0 

111 

108.8 

31 

173 

106 

933 

124.0 

04.) 

899 

181.6 

80 

M 

SI 

14.0 

114 

31 

174 

107 

48 

814 

884.9 

04.3 

894 

188.6 

81 

IS 

S9 

IS. 9 

lis 

iio!s 

31 

ITS 

48 

21S 

28S.9 

04.8 

S9S 

889.6 

81 

116 

III.S 

19 

1T6 

48 

916 

886.9 

6S.I 

296 

184.3 

ai 

117 

iia.t 

32 

177 

170 

48 

937 

»T.8 

es.i 

897 

■83.3 

ai 

118 

111.4 

38 

178 

ITl 

40 

838 

196.8 

66.6 

298 

166.3 

88 

IID 

114.4 

39 

1T9 

40 

930 

289.7 

06.0 

299 

18T.4 

BS 

60 

SI 

ie!s 

190 

lis. 4 

180 

1T3 

40 

940 

210.T 

66.8 

100 

888.4 

88 

Dul 

^ 

IM. 

DiiL 

D*p. 

3 

Dist 

Uep. 

is: 

DUt 

Dep. 

Ul 

Dirt. 

Drp. 

La.  11 

For  74  Degrees.         {| 

B 

m^ 

TABLE  IL 

3B 

Dbt 

Lu. 

Dep. 

DIM. 

U 

t-D^ 

DiM 

Ul 

.Dn. 

Di(t 

UX. 

Dq. 

DM. 

LU. 

Dep 

"i 

"STfl 

loj 

"« 

66 

1     IT. 8 

ISl 

m" 

7    16.4 

mTi 

ITS 

941 

330. S 

70, 

) 

01. s 

00.6 

«1 

to 

1    18 

131 

IID 

7   t6 

T 

174.0 

St 

249 

811.4 

70. 

■ 

os.s 

oo.e 

«• 

60 

1    18 

m 

III 

t    16 

1«.0 

943 

831.4 

71. 

4 

M.8 

01. s 

«4 

61 

1    18 

134 

118 

e  16 

176.0 

SS 

8St.t 

71. 

6 

M.8 

«1.S 

66 

69 

9    10 

lac 

119 

6   16 

176.9 

S4 

14! 

8S4.3 

71. 

1 

(IS.7 

01.8 

06 

6* 

1    10 

136 

IS* 

6    S« 

181 

177.9 

S4 

146 

215.3 

71. 

7 

06.7 

O3.0 

67 

64 

1    19 

lar 

ISl 

6   tT 

1ST 

178.8 

147 

336.8 

79. 

a 

•T.T 

OS.) 

66 

«    10 

138 

ISS 

4    t7 

181 

179.8 

SS 

948 

237.8 

73. 

a 

•B.f 

OS.  6 
01.9 

K 

66 

0  so 

ISO 

ISS 

4    37 

181 

180.T 

SS 

S4» 

338.1 

72. 

li 

W.« 

70 

66 

g  90 

ISO 

IS4 

s  »e 

191 

181.7 

5« 

960 

tso.i 

73. 

-if 

■»:« 

DB.a 

71 

OT" 

0  so 

131 

ISS 

118 

"Iff 

181.7 

66 

S61 

UiMi 

TS. 

u 

ll.A 

01. S 

TB 

68 

9    SI 

133 

■96 

1    18 

193 

186.6 

S6 

968 

■41.0 

TS. 

11 

IS. 4 

OS. 8 

TS 

60 

8    21 

133 

isr 

1    t8 

19» 

I84.<S 

SO 

8SS 

141.0 

T4. 

14 

11.4 

04.1 

T4 

TO 

8    SI 

1S4 

ISS 

1    SO 

Iftl 

18S.6 

66 

SS4 

■41.^ 

T4. 

u 

14. S 

04.4 

IS 

11 

T    31 

136 

139 

1    SO 

196 

186.6 

67 

35S 

148. » 

T4. 

16 

IS  .a 

04.7 

76 

73 

T    13 

1S6 

130 

1  so 

1961 

I8T.4 

67 

8S6 

■14.8 

14. 

17 

16.* 

06. 0 

71 

TS 

e  99 

1ST 

131 

0    40 

197 

188.4 

67 

857 

■46.8 

76. 

li 

17.3 

06.1 

It 

T4 

G    92 

138 

133 

0    40 

198 

lao.i 

67 

856 

■46.7 

76. 

11 

IS.S 

05.6 

70 

TS 

S    31 

ISSi 

133 

0   40 

199 

leo.s 

66 

859 

■41. 7 

76. 

» 

19.1 

05.6 

80 

T6 

t    IS 

140 

138 

0   40 

SOO 

101.3 

B6 

800 

118.6 

76 

~ii 

SO.  I 

06.1 

81 

If 

'6    SS 

141 

114 

8    41 

lol 

103.1 

56 

861 

mSTo 

76 

SI 

Sl.O 

06.4 

83 

T8 

4    14 

143 

Its 

8   41 

80* 

IDt.l 

SO 

868 

3SD.6 

70 

'*, 

S3.0 

06.T 

T9 

4     94 

lU 

1S6 

8   41 

801 

104.1 

SO 

863 

■61. E 

7«. 

» 

B.O 

or.o 

80 

S    14 

144 

IST 

T    43 

804 

106.1 

so 

86< 

■61.6 

77. 

26 

sa.o 

07.1 

BS 

81 

■    14 

14S 

138 

7   49 

SOS 

196.0 

S9 

■St. 4 

77. 

« 

S4.9 

07.6 

81 

8S 

i    95 

146 

130 

6   49 

SOI 

107.0 

60 

8W 

164.4 

77. 

ar 

st.a 

07.0 

87 

81 

i    95 

147 

140 

6    43 

SOT 

198.0 

60 

SOT 

166. S 

78. 

38 

S6.e 

08.8 

66 

84 

i    16 

148 

141 

0    43 

soa 

198.0 

60 

SOS 

956.3 

78. 

» 

tr.7 

08.S 

66 

86 

1    96 

140 

143 

(    43 

90S 

199.9 

61 

SOD 

■ST. 9 

TS. 

M 

18.7 

08.8 

W 

80 

1    36 

160 

US 

4    4S 

910 

(00.8 

61 

STO 

158.9 

T8. 

SI 

19.6 

09.1 

91 

81 

"O    36 

IGl 

lit 

-4^ 

"m 

101 .6 

61 

811 

tsoTi 

TO. 

n 

■0.6 

M.4 

99 

88 

0    30 

152 

I4S 

4    44 

918 

90S.7 

69 

S7S 

WO.I 

70. 

u 

01.6 

00.6 

DS 

88 

e  *T 

153 

no 

t    44 

81V 

iOl.7 

63 

S7> 

I6I.I 

TO. 

u 

■l.G 

00.0 

94 

80 

6    37 

154 

147 

S    46 

SI4 

2M.6 

63 

S7* 

ara.o 

80. 

*s 

t*.S 

10.2 

96 

00 

6    IT 

ISS 

148 

3    45 

SIS 

305.i 

68 

911 

■6S.0 

80. 

H 

U.4 

BG 

01 

6    36 

I5G 

149 

8   46 

910 

m.o 

61 

3T6 

ws.o 

80. 

n 

IB. 4 

10.8 

97 

03 

8    36 

157 

ISO 

1    46 

SIT 

201. 6 

01 

SIX 

264.9 

81. 

St 

■e.s 

11.1 

96 

OS 

7    36 

156 

IS  I 

1    46 

318 

208.6 

63 

978 

86S.9 

81. 

n 

17.1 

11.4 

ee 

04 

7    96 

ISO 

1S3 

1    46 

310 

309.4 

04 

SIR 

366.8 

81. 

40 

IB.S 

11.7 

100 

OS 

6    30 

160 

IBS 

0    46 

830 

tl0.4i  04 

ISO 

86I.B 

81. 

4) 

IS.O 

101 

00 

1  ao 

loi 

isT 

1    47 

S2t 

ml. 3 

64 

181 

ioT? 

89. 

41 

40. 1 

IS.S 

IDS 

G    39 

102 

154 

B    4T 

323 

IIS.I 

04 

18S 

S60.7 

89. 

4! 

41.1 

IS.fl 

lOS 

08 

G    30 

163 

156 

9    47 

833 

311.8 

6S 

183 

■T0.6 

81. 

41.1 

1S.9 

104 

00 

G    30 

164 

156 

fi    47 

384 

314.3 

6S 

884 

811.6 

83. 

U 

43.0 

US 

105 

100 

4    to 

165 

1ST 

8    48 

S2S 

215. i 

6S 

285 

■TS.6 

83. 

40 

44.0 

ia.4 

106 

101 

4    31 

160 

tS8 

7    48 

330 

06 

286 

27S.6 

81. 

47 

44.9 

U.7 

107 

103 

S    31 

167 

ISO 

T    48 

327 

06 

287 

2T4.S 

BS. 

4f 

4S.S 

14.0 

106 

IDS 

S    BI 

168 

160 

T    4S 

32H 

218.0 

66 

3T6.4 

4t 

46.9 

14. a 

too 

104 

1    31 

169| 

IBl 

0    4S 

320 

219.0 

OT 

969 

■76.4 

84! 

H 

47. B 

14.6 

110 

■OS 

S    32 

ITO 

162 

6    49 

MO 

220.0 

67 

390 

■IT.t 

84. 

~Ti 

48.8 

14.0 

111 

106 

"l    S2 

163 

6    50 

SSI 

220.9 

61 

391 

■TO 

86. 

■1 

49.7 

18.1 

11* 

107 

1  ts 

172 

161 

S    60 

833 

221.9 

67 

399 

8TD.8 

St 

S».T 

IS.S 

US 

108 

I    S3 

ITS 

I6S 

4    60 

8SS 

223.8 

68 

303 

880.8 

8g! 

t4 

Sl.O 

114 

100 

0    S) 

174 

166 

4    SO 

394 

398.8 

68 

804 

881.3 

86. 

ss 

M.O 

16.1 

lis 

no 

0    3t 

IIS 

167 

4    61 

835 

284.7 

66 

90S 

■83.1 

80. 

se 

SO.O 

16.4 

116 

110 

V    33 

170 

108 

S    Gl 

936 

286.7 

60 

906 

281.1 

86. 

SI 

S4.S 

16.T 

117 

111 

0    S4 

177 

109 

S    SI 

931 

326.1 

60 

207 

tS4.0 

80. 

S8 

SS.S 

17.0 

lis 

119 

8    34 

176 

ITO 

3    62 

238 

337.6 

69 

90^ 

■8S.0 

87. 

SS 

SO.  4 

17.1 

no 

lit 

8    34 

179 

ITI 

3   59 

230 

338.6 

69 

891 

■86.9 

87. 

M 

ST. 4 

II. 5 

190 

114 

8    36 

180 

172 

1    51 

240 

229.6 

TO 

too 

87. 

WA 

f5^ 

Lat 

DM 

Dq 

^    Ut 

DIM. 

Dq 

,.  I* 

KO. 

Dep^ 

^ 

Dill 

P^ 

LM 

B 

For 

7 

3Dt 

Sreea 

b,  Google 


b,  Google 


36 

TABLE  U. 

^'^ 

JKMenoct  of  Utitoda  and  Dvpmrt 

IK  for  90  Degree.                       | 

Dirt. 

UL 

Dtp. 

Dirt. 

LaL    Dtp. 

Dirt. 

Lat. 

Dep. 

Dirt. 

Lat. 

Dpp. 

Dirt. 

l^ 

o^ 

1 

M.O 

oTi 

61 

67.1   90.9 

Ill 

nr? 

11.1 

"iBl 

iToTT 

61.8 

in 

fieTs 

00.7 

62 

68.1    11.1 

131 

11.7 

IBl 

171.0 

62.^ 

9491997.4 

B9!i 

1 

03.8 

01.0 

6B 

69.S    11. S 

191 

116.6 

19.1 

18S 

179.0 

a.«||91l 

nti.t 

88.1 

OS. 8 

01.4 

61 

eo.i   91. D 

114 

I16.S 

19.4 

184 

179.0 

«.« 

944^.1 

8s.a 

04.7 

01.7 

«5 

61.1    99.2 

lis 

117. S 

19.8 

IBS 

178.8 

68.1 

.94S 

980.1 

S1.8 

OS.S 

08.  J 

«e 

69.0  a$.e 

190 

118.4 

IS.  I 

186 

174.8 

«8.6 

946tel.9 

84.: 

oe.s 

09.4 

SI 

61.0    19.0 

197 

119.1 

11.4 

lOT 

I7J.T 

64.0  1  8471919. 1 

84. S 

OT.a 

M.T 

68 

61.0    M.S 

196 

190.1 

4S.S 

IBB 

176.  T 

64.1 

9481913.0 

81.; 

9 

08.E 

01.1 

« 

64.8    99.6 

190 

191. 9 

44.1 

18B 

177.0 

61.6 

949^984.0 

8*.: 

10 

00.4 

01.4 

6a.8    91.9 

ISO 

Its. 2 

44. E 

100 

178.  S 

66.0 

9i0|9S4.O 

Bs.a 

II 

lo.a 

U.H 

~tI 

66.7    94.1 

111 

19S.I 

44.B 

191 

ITB.B 

66.8 

961 

H5.B 

~WA 

IS 

ll.t 

01.1 

T9 

67.7    94.6 

111 

124.0 

45.1 

1B9|180.1 

66.7 

919 

■16.6 

S6.: 

11 

13. a 

01.4 

7* 

68.6    95.0 

lit 

116.0 

4».a 

IBS 

181.1 

66.0 

911 

■ST.  7 

66.6 

14 

is.s 

Ol.B 

71 

OO.a    95.1 

111 

116.0 

46.8 

194 

189.8 

88.4 

9S4 

■88.7 

86.! 

IS 

U.l 

oa.i 

7a 

70.5    95.7 

lis 

196.  B 

46.9 

IBS 

181.2 

66.7 

9sa 

■99.6 

B7.: 

IC 

IS.O 

•B.6 

70 

TI.4 

90.0 

IM 

197. * 

««.a 

IBft 

181.2 

67.0 

966 

MO. 6 

8r.< 

» 

10.0 

U.8 

7T 

T1.4 

98.1 

117 

118.7 

«8.9 

IBI 

186.1 

67.4 

917 

■4I.S 

8T.I 

K 

10.0 

•6.9 

T8 

7«.» 

98.7 

118 

199.7 

47.1 

198 

186.1 

BT.7 

9S8 

119.4 

88.1 

IS 

IT.O 

M.S 

79 

74.9 

9T.0 

110 

110.6 

4T.6 

180 

IBT.O 

88.1 

9S9 

94S.4 

88.1 

90 

IB.8 

M.8 

80 

TS.9 

97.4 

140 

ISI.6 

47.0 

900 

187.9 

88.4 

^2«->J 

88.1 

SI 

19.T 

07.1 

81 

76.1 

97.7 

141 

ItS.S 

48.3 

901 

18B.9 

88.7 

961^71 

89.1 

M 

M.T 

«r.6 

81 

77.1 

98.0 

142 

IIS. 4 

48.6 

901180.8 

88. 1|  969:846.9 

88.4 

M 

St.fl 

«r.t 

SI 

78.« 

98.4 

14S 

114.4 

48.9 

9011100.8 

8B.4 

381 

147.1 

98.4 

M 

».6 

08.9 

84 

78.ft 

98.T 

144 

IlS.t 

49. 1 

904 

191.  r 

88.8 

984 

848.1 

ao.a 

» 

SI.S 

M.fl 

U 

79.1 

li.l 

146 

IM.I 

40.6 

905 

199.6 

70.1 

986 

34B.0 

M.I 

M 

U.4 

w.e 

81 

80.1 

18.4 

146 

187.2 

4B.9 

906 

198.6 

T6.S 

986 

■60.9 

•1.0 

» 

sa.4 

W.l 

87 

81. 1 

>0.8 

147 

llB.l 

50.1 

987 

IB4.S 

76.8 

907 

960.9 

•1.1 

SB 

H.a 

W.fl 

88 

89.7 

90.1 

118 

119.1 

50,0 

908 

IBS. a 

71.1 

988 

261.8 

•1.7 

SB 

tr.t 

00.0 

80 

•S.6 

90.4 

149 

110.0 

61.0 

980 

IBG.4 

71.6 

989 

162.8 

•9.1 

H 

>B.I 

■0.1 

•8 

84.6 

10.8 

160 

141.0 

SI. 3 

910 

197.1 

71.8 

270 

■61.7 

Bl.l 

■I 

W.I 

10.6 

»l 

II. 1 

IBl 

141.9 

Bl.G 

211 

198.1 

ITa 

371 

ST? 

01.7 

■1 

M.l 

10.0 

09 

86.a 

II. B 

ISl 

141.8 

62. 0 

213 

199.1 

79.6 

112 

I6S.6 

98.< 

U 

81.0 

ii.a 

Bl 

87.4 

II. B 

161 

148. X 

St.l 

Hi 

MO.l 

79.0 

271 

ia«.6 

98.4 

M 

st.o 

11. 6 

M 

88.1 

19.1 

114 

141.7 

SI. 7 

314 

(01.1 

71.9 

Ifl 

1ST. 6 

BS.T 

U 

»2  9 

19.0 

BS 

89.1 

■9.a 

ISS 

145.7 

as.o 

916 

78. 6 

MS 

118.1 

M.I 

H 

IB.S 

U.l 

96 

00.3 

19.S 

166 

146.6 

SS.l 

116 

Mi!e 

71.0 

1T6 

IBB.l 

H.< 

« 

11.8 

U.T 

97 

91.1 

11.9 

lt7 

147.  S 

SS,7 

lit 

Ms.e 

74.9 

877 

MO.S 

H.I 

U 

ta.i 

11.0 

98 

99.1 

■t.B 

IBS 

148.5 

64.0 

918 

M4.0 

74.6 

118 

■81.9 

•6.1 

» 

■e.e 

11.1 

99 

H.D 

■1.9 

IBS 

I4B.4 

64.4 

lis 

M6.B 

74. B 

979 

•6.4 

w 

iT.e 

11. T 

180 

M.O 

14.9 

100 

160.4 

84.T 

990 

MO.l 

7S.1 

980 

Wl!l 

•S.f 

-« 

a».e 

14.0 

101 

"io 

mTb 

161 

161.S 

55.1 

"SI 

wTi 

"tO 

■Si 

384.1 

98.1 

«t 

lO.S 

14.4 

101 

96.8 

M.9 

161 

169.9 

55.4 

999 

S08.6 

TS.S 

982 

1366.0 

98.4 

41 

40.4 

I4.T 

m 

06.8 

ts.s 

161 

16S.S 

65.7 

991 

M9.6 

7«.l 

381 

966.0 

B8.8 

44 

41.1 

la.o 

m 

•7.7 

ts.e 

164 

164.1 

994 

9io.a 

76.6 

964 

966.B 

OT.l 

4d 

4i.t 

la. 4 

m 

98.7 

IB.B 

166 

IBB.O 

66.4 

99S 

911.4 

77.0 

186 

987.8 

W.6 

46 

4>.i 

la.T 

m 

99.6 

16.1 

166 

lae.o 

66.8 

996 

319.4 

77.8 

18I 

S68.8 

17.8 

47 

44. « 

107 

loo.a 

16.6 

167 

lae.o 

67.1 

997 

311.1 

7T.6 

387 

969.7 

98.9 

4B 

43.1 

16.4 

loe 

101.  a 

16.9 

168 

IB7.9 

B7.a 

998 

914.9 

78.0 

888 

970. 6 

M.S 

41i 

46.0 

16.8 

103.4 

17.1 

160 

158.8 

67.8 

29B 

316.9 

78.1 

889 

171.6 

98.8 

to 

47.0 

17.1 

no 

101.4 

17.6 

170 

IBB. 7 

68. 1 

980 

316.1 

78.7 

890 

979.S 

99.J 

4T.9 

111 

104.1 

18.0 

171 

100.7 

B8.S 

811 

317.1 

79.0 

901 

970 

BO.S 

6i 

48.9 

119 

loa.i 

18.1 

171 

161.6 

a8.8 

819 

318.0 

70.3 

909 

374.4 

90.9 

SI 

49. B 

lit 

loe.s 

18.6 

171 

162.6 

BB.S 

813 

318.9 

TB.7 

991 

ns.8 

100.9 

G4 

SO. 7 

107.1 

19.0 

171 

16S.S 

SB.  a 

814 

«B.9 

80.0 

294 

170.8 

108.6 

65 

SI. 7 

IB.B 

IIS 

lOB.I 

19.1 

17a 

164.4 

BB.O 

9SS 

990.8 

80.4 

99t 

177.9 

100.9 

SH 

sa.e 

19.1 

no 

lOB.O 

B9.T 

176 

166.4 

00.2 

lU 

311.8 

80.7 

996 

178.1 

101.3 

SI 

st.o 

10. S 

117 

too. 9 

40.0 

in 

166.1 

6o.a 

217 

1323.7 

Bl.l 

397 

170.1 

101 .« 

as 

B4.S 

10.8 

lis 

1 10.0 

40.4 

ITS 

167.1 

60.9 

US 

398.0 

B1.4 

998 

1980.8 

191 .« 

as 

aa.4 

lO.S 

no 

111.8 

40.7 

179 

168.1 

61.9 

910 

331. B 

B1.7 

399 

asi.o 

169.1 

00 

ae.4 

ao.B 

IM 

119.8 

41.0 

180 

169.1 

61.6 

140 

396.6 

81.1 

800 

isi.B 

169.6 

DUt 

D«p. 

LM. 

Dirt 

Dep. 

iM. 

Dirt. 

Dep. 

IM. 

Dbt 

^ 

Lrt. 

DW 

^ 

I^ 

For  7 

ODegree..        II 

TABLE  II.                                                 37 

Diflcrenn  of  UtHnda  ud  Departvre  for  21 

1 

Degreos. 

KA 

LM. 

Dfp. 

Dbt 

hu. 

Pep. 

Dfat 

LM. 

Dep. 

Dbt 

IM. 

D^ 

DIM. 

La. 

D^. 

00,9 

00.4 

01 

se.o 

IIS. 

Tsl 

181 

109.0 

64.9 

"841 

snsTo 

88.4 

! 

03 

3T.B 

29.1 

132 

113. 

43.7 

18a 

169.9 

66.3 

842 

336.9 

88.7 

1 

09.8 

Ol!l 

03 

58.8 

29.6 

133 

114. 

44.1 

183 

I70.B 

66.0 

84S 

236.9 

87.1 

4 

01 .7 

01.4 

04 

SS.9 

134 

lis. 

44.4 

184 

171.8 

06.9 

944 

SS7.8 

87.4 

S 

04.7 

06 

00.7 

I8S 

no. 

44.8 

185 

173.7 

S6.1 

945 

SS8.7 

87.8 

fl 

os.e 

osis 

66 

01.0 

186 

117. 

45.8 

136 

iTs.e 

e6.T 

340 

890.7 

88.: 

T 

06.5 

OS.B 

87 

09.5 

94.0 

127 

118. 

46.5 

18T 

IT4.0 

OT.O 

347 

930.8 

68.6 

8 

07. 5 

88 

S4.4 

188 

110. 

46  .g 

188 

ITS. 5 

67.4 

948 

331.6 

ss.e 

08.4 

03.3 

89 

04.4 

34.7 

189 

40.3 

189 

1T6.4 

67.7 

940 

9S3.6 

BO.: 

10 

09.1 

03.6 

TO 

65.4 

95.1 

IM 

181 ! 

46.6 

190 

ITT  .4 

68.1 

260 

Sa9.4 

80.8 

II 

10.3 

TT^ 

71 

Ofl.S 

35.4 

111 

192. 

46.0 

191 

IT8.1 

68.4 

Ul 

914  .S 

00.0 

IS 

tl.8 

04.) 

T2 

m.i 

35.8 

132 

199. 

47. S 

198 

179. 8 

68.8 

363 

9SS.S 

M.l 

13 

19.1 

04. T 

71 

08.9 

S6.S 

111 

124, 

4T.T 

101 

18C.I 

00.8 

361 

916.9 

00.7 

14 

11.1 

05. 0 

74 

09.1 

86.6 

114 

19S. 

48.0 

194 

181. 1 

69.6 

364 

9ST.1 

01.1 

15 

14.0 

05.4 

75 

ro.o 

96.0 

135 

120. 

48.4 

196 

182.0 

60.9 

835 

838. 1 

01.4 

16 

14.9 

05  .T 

70 

Tl.O 

97.9 

IM 

1ST. 

48. T 

106 

183.0 

70.3 

9S6 

839.0 

01.7 

IT 

15.9 

00,1 

77 

71.0 

9T.6 

137 

137. 

49.1 

I9T 

181. S 

70.0 

26T 

819.0 

09.1 

18 

10. S 

00.5 

78 

T9.8 

98.0 

I  SB 

138. 

49.5 

198 

184.8 

71.0 

96S 

840.9 

99.6 

19 

17.7 

00,8 

79 

73.8 

98. B 

ISO 

130. 

49.8 

199 

IBS. 8 

71.1 

960 

841.8 

OS.! 

SO 

18.7 

OT.S 

80 

74. 7 

88.7 

140 

110. 

60.2 

800 

186. T 

71.7 

900 

Ma. 7 

03.: 

11 

lfl.8 

0T.5 

81 

T6.6 

TSI 

111. 

201 

1BT.6 

79.0 

961 

mTt 

os.a 

n 

80.5 

OT.O 

09 

70.0 

90!4 

141 

112. 

solo 

202 

188.6 

T8.4 

363 

144.6 

«*.fl 

n 

81.3 

08.a 

6S 

77.5 

30.7 

143 

m. 

61.2 

20S 

189.  S 

TS.T 

301 

846.6 

94.1 

S4 

SS.4 

08.0 

U 

78.4 

30.1 

144 

134. 

61.8 

204 

1B0.4 

71.1 

364 

846.6 

»4.i 

» 

».■ 

00.0 

B5 

79.4 

SO. 5 

58.0 

205 

191.4 

73.6 

306 

84T.4 

Ot.< 

w 

S4.> 

og.s 

86 

80.! 

SO. 8 

isc! 

as.i 

306 

193.1 

7S.8 

366 

148. S 

OS.: 

ST 

S9.a 

00.7 

87 

81.1 

31.9 

137. 

SS.7 

207 

193.1 

74.9 

267 

M9.a 

06.1 

S8 

se.i 

10.0 

88 

82.1 

Sl.S 

U8 

138. 

ss.o 

S08 

104.3 

74. S 

368 

860.3 

06.1 

Sff 

«T.l 

10.4 

89 

83.1 

31.9 

149 

tao. 

61.4 

800 

196. 1 

74.0 

360 

861. 1 

06.. 

ID 

se.o 

10.8 

90 

84.0 

32.3 

1(0 

140. 

SI. 8 

210 

196. 1 

76.1 

870 

158.1 

9«.f 

-Wi 

11. 1 

~9I 

65.0 

SS.6 

151 

i4i7 

S4.I 

811 

197.0 

T6.6 

STI 

253.0 

■otT 

S! 

S9.g 

11.5 

99 

85.0 

S3.0     152 

141. 

64.5 

818 

I9T.0 

76.0 

879 

351.0 

07.6 

SI 

to. 8 

II. a 

93 

80.8 

SS.3 

15S 

143. 

54.8 

213 

198.9 

76.1 

273 

254.0 

or.t 

S4 

SI. 7 

IS. 9 

04 

87.8 

33.7 

154 

US. 

55.3 

199.8 

76. 7 

274 

86B.B 

06.: 

SS.T 

19.6 

95 

88.7 

34 .0 

1S5 

144. 

53.6 

200.7 

77.0 

276 

248.7 

ee.( 

10 

33.0 

19,  <J 

00 

89.0 

34.4 

116 

I4G. 

53.0 

201.7 

77.4 

876 

247.7 

Ds.g 

ST 

S4.5 

11.3 

07 

90.0 

34.8 

1ST 

146. 

56. 3 

102.8 

77.8 

877 

2se.8 

99.3 

as 

SS.3 

13.0 

08 

91.5 

35.1 

138 

147. 

56.6 

201.6 

78.1 

878 

2S9.6 

O0.( 

sv 

H.4 

14.0 

99 

0S.4 

■S.5 

159 

148. 

5T.0 

204.6 

T8.S 

879 

160.6 

lOO.t 

4< 

sr.s 

I4.S 

100 

91.4 

95.8 

100 

140. 

57.3 

28( 

206.4 

78.8 

880 

161.4 

100.1 

41 

se.i 

14.7 

101 

94.S 

90.8 

101 

150. 

67. T 

931 

MoTi 

79.8 

881 

268.1 

100.7 

4S 

S9.a 

15.1 

109 

90  .S 

10.6 

168 

141. 

68.1 

22* 

W7.3 

70.0 

882 

183.1 

101.1 

4S 

40.1 

15.4 

101 

oe.s 

30.0 

I6S 

158. 

58.4 

233 

208.8 

70.9 

883 

284.2 

101.4 

44 

41.1 

15.8 

104 

97.1 

3T.t 

164 

153. 

38.8 

234 

iMS.I 

80.1 

984 

265. 1 

101.8 

45 

49.0 

10. 1 

105 

06.0 

17.0 

105 

154. 

se.i 

886 

aio.i 

80.6 

286 

266.1 

109. 1 

4S 

41.0 

10. « 

100 

99.0 

SB.O 

106 

IS5. 

S9.S 

380 

211.0 

81.0 

286 

MT.O 

108.5 

4T 

43.9 

10.8 

107 

09.9 

SB.S 

107 

ISS. 

59.8 

SST 

111.8 

81.1 

S87 

MT.O 

loa.o 

48 

44.8 

IT  .8 

108 

IDO.e 

SB.7 

108 

150. 

60.8 

388 

1I9.S 

81.7 

988 

M8.0 

109.] 

49 

45  .T 

IT. 6 

100 

101 .» 

19.1 

160 

1ST. 

60.6 

389 

2IS.8 

88.1 

889 

SBO.e 

109. fl 

«• 

40.7 

IT.fl 

110 

109. 7 

SO.  4 

170 

158. 

60.9 

sso 

814. T 

89.4 

see 

STO.T 

101. (1 

SI 

"isTs 

lO 

61 .1 

■asT 

nslT 

89.8 

»i 

StTt 

104.3 

52 

48  is 

18.0 

11! 

104 !( 

40.1 

172 

100 ! 

01.6 

sss 

S16.6 

89.1 

80S 

178.6 

104.8 

51 

49.  S 

19.0 

105. a 

40.5 

17S 

OS.O 

sis 

21T.S 

89.5 

SOS 

271.5 

les.o 

54 

19.4 

100.4 

40.9 

174 

163. 

4    68. 4 

814 

118. S 

89.0 

894 

274  .S 

105.4 

51  .S 

iO.T 

lis 

107.4 

41.2 

175 

IBS. 

4    6S.T 

316 

S19.4 

84.8 

SOS 

275.4 

105.7 

51 

M.l 

110 

108.3 

41.6 

170 

164. 

I    6S.I 

S86 

IBO.l 

84.6 

806 

276.1 

106.1 

57 

51  .S 

90.4 

IIT 

109.1 

41.9 

177 

105. 

63.4 

317 

181.1 

B4.0 

807 

277.1 

100.4 

54.1 

90.8 

118 

110.3 

49.3 

17B 

106. 

61.8 

818 

133.3 

86.1 

908 

278.2 

100.8 

91.1 

119 

III. I 

42.0 

170 

107. 

64.1 

819 

131.1 

SS.O 

900 

279.1 

107.3 

5D.< 

91.5 

ISO 

119.0 

43.0 

ISO 

108. 

M.5 

840 

m.l 

80.0 

aoo 

180.1 

lOT.G 

Dbt 

Dtp. 

hu. 

Dbt 

Dap. 

Ltt. 

ou 

Dtp 

L«. 

Dbt 

Dtp. 

Lu. 

DiBt 

^- 

Ut. 

•      „ 

^_ 

rot  V 

iaa 

■grew 

b,  Google 


b,  Google 


b,  Google 


b,  Google 


« 

TABLE  It 

Di 

Ammo  of 

Lititaido  and  Dapwura  far  »6  DegMH. 

WA 

LM 

dST 

Dbt. 

Lu. 

^^ 

UL 

D«p. 

DiH. 

LU. 

I>p. 

Dkt, 

UL 

Dtp. 

00. 

00.4 

~ii 

»4.B 

191 

108,8 

"sTo 

181 

ml 

"TOI 

941 

9i6l 

isTi 

01. 

DO.t 

a 

St.T 

sr'.i 

m 

100.7 

ti.t 

189 

181.0 

TO.l 

941 

11T.B 

106.1 

Dt. 

01.1 

01 

t«.6 

9T.0 

m 

110.0 

Sl.O 

181 

104.6 

941 

118.4 

100.1 

01. 

01 .8 

64 

tr.i 

S8.1 

194 

lll.t 

64.4 

164 

166.4 

8o!t 

944 

IU.1 

lOT.I 

04. 

09.1 

6f 

18.4 

98.1 

us 

lU.t 

t4.8 

let 

166.1 

81.1 

846 

no.i 

IOT.< 

06. 

M.fl 

80 

tO.ft 

98.0 

190 

1U.9 

6S.9 

186 

167.9 

Sl.t 

846 

■ti.i 

IOT.1 

06. 

01.1 

07 

00.1 

M.4 

197 

114.1 

««.7 

187 

168.1 

89.0 

947 

166 .1 

OT. 

08.B 

08 

61.1 

».8 

198 

IIS.O 

t«.I 

181 

160.0 

89.4 

948 

l«e.T 

190 

IBB.B 
ITO.l 

H 

ob! 

oi!. 

TO 

es!s 

io!7 

IK 

ito!i 

67^0 

IB) 

8s!l 

80< 

194' 

ieo!i 

■w. 

Ml 

Tl 

irr 

111 

m:? 

67.4 

lOL 

171.7 

8S.T 

161 

5al 

110:1 

11 

10. 

B    OB.t 

T9 

64!t 

11.6 

lU 

ue.A 

67. S 

109 

ITS. 6 

84.1 

8SS 

■96.6 

110.B 

It 

11. 

7    OB.T 

n 

66.6 

19.0 

111 

ue.B 

as.i 

108 

ITl.l 

84.0 

8M 

187.4 

110.1 

14 

IS. 

I    06.: 

T4 

66.t 

19.4 

1S4 

190.4 

68.7 

104 

1T4.4 

e«.o 

964 

198.1 

1U.1 

IS 

It. 

TB 

«7.4 

u.e 

ts 

111.1 

t«.l 

101 

17«.l 

ei.t 

966 

no.i 

iil.a 

IS 

14. 

76 

68.1 

11. 1 

199.9 

BO.O 

176.JI 

in.i 

966 

no. 

111.; 

17 

It. 

'   07  !i 

77 

oe.s 

U.8 

»T 

m.i 

00.1 

107 

M.t 

tST 

tsi.a 

lu.r 

I» 

le. 

1   07.0 

T8 

TO.l 

S4.9 

18 

194.0 

08.1 

IBBI 

178.8 

86.6 

tss 

Ml.l 

iit.i 

I» 

IT. 

oe.s 

TO 

Tl.O 

84.6 

110 

194.0 

eo.fi 

IBBI 

1T8.0 

87.1 

tB« 

IS3.I 

iu.i 

» 

18. 

i   W.B 

80 

Tl.O 

ts.i 

19B.6 

01.4 

M( 

1TB.8 

ai.T 

960 

m.T 

114.1 

SI 

15: 

9   00.9 

81 

7S.8 

tS.B 

"ui 

190.7 

01.8 

901 

180.7 

88.1 

8U 

STi 

114.< 

le. 

i   00.6 

89 

Tt-T 

IB.O 

149 

197.0 

09.9 

901 

181.6 

86.6 

989 

116.6 

lU.t 

» 

M. 

W.l 

8t 

T4.e 

10.4 

141 

198.3 

08.7 

901 

1M.6 

80.0 

tin 

n6.4 

116,1 

91. 

10. fl 

84 

TB.B 

■0.8 

144 

190.4 

904 

ISt.4 

80.4 

>S4 

117.1 

1U.7 

K 

U. 

11.0 

8t 

Ta.4 

IT.t 

14S 

llO.t 

6i!b 

906 

184. 1 

80.0 

tot 

118.1 

116.1 

M 

ai. 

11.4 

77.1 

IT.T 

140 

lll.S 

64.0 

900 

lSt,9 

00.1 

8M 

110.1 

iie.1 

»7 

94. 

11.8 

87 

78.9 

18.1 

147 

119.1 

64.4 

907 

186.1 

06.7 

907 

140.0 

in.) 

96 

99. 

19.1 

70.1 

18.0 

148 

lU.O 

64. B 

908 

180.0 

01.9 

968 

MO.B 

117.1 

« 

H. 

19. T 

80 

BO.O 

».o 

14S 

lll.D 

06.1 

9IH 

187.8 

BI.O 

90« 

Ml.B 

1I7.( 

_yj?ii 

la.i 

00 

80.S 

10.6 

ito 

114. B 

66.8 

910 

IB8.T 

99.1 

9Tft 

HI.7 

1IB.4 

~i!i»r 

11.6 

01 

61. S 

"io 

"m 

lU.T 

00.1 

"in 

180.6 

nl 

371 

mTo 

liTi 

*a 

98. 

14.0 

09 

81.7 

40. t 

Its 

1U.6 

00.6 

811 

100 .6 

99.0 

8T8 

144.6 

110.1 

u 

SB. 

14. B 

01 

ai.B 

40.8 

iti 

117.6 

07, 1 

811 

m.4 

01.4 

9TS 

l4t.4|llO.T| 

u 

10. 

14.0 

04 

B4.t 

41.9 

IB4 

Its. 4 

OT.B 

S14 

I99.I 

fi*.B 

9T4 

M6,l!l9t.l 

u 

11. 

It. a 

06 

86.4 

41.6 

IBi 

ItO.I 

OT.O 

916 

101.1 

B4.9 

9T6 

MT.S 

IM. 

to 

U. 

IS.B 

M 

80.1 

49.1 

160 

140.9 

08.4 

916 

104.1 

B4.T 

970 

S48.1 

111.1 

■T 

u. 

16.9 

»T 

8T.9 

49.B 

IBT 

141.1 

68.8 

117 

IBO.O 

Bt.l 

97T 

140.0 

111. 

M 

t4. 

16.T 

06 

88.1 

41.0 

IBS 

149.0 

80.1 

918 

IBO.O 

06.0 

978 

I40.B 

111.' 

S9 

tc. 

IT.l 

M 

80.0 

41.4 

IBO 

149.0 

00.7 

9IB 

196.8 

06.0 

970 

tso.a 

in.: 

<• 

14. 

IT.i 

100 

80.0 

41.8 

160 

141.8 

70.1 

990 

107. T 

00.4 

161.7 

111.7 

41 

"iflT 

ITo 

loi 

"wTs 

"wTi 

"ioT 

144.7 

■We 

Mi 

i08l 

■SI 

"5m 

uTi 

in.: 

43 

IT. 

18.4 

109 

01  .T 

44.7 

109 

14C.0 

71.0 

S» 

IBB.t 

IW.I 

BU.f 

in. 

4S 

■B. 

18.8 

101 

DS.O 

46.9 

103 

140. t 

fl.S 

981 

900 .4 

07,8 

881 

St4.4 

■St. 

44 

10. 

IB.I 

104 

01  .a 

4s.e 

104 

147.4 

71.0 

994 

301.1 

08,3 

884 

tst.i 

IM, 

4S 

40. 

IB.T 

lot 

M.4 

40.0 

les 

148. t 

78.1 

996 

903.8 

oe.e 

88« 

8S0.1 

IH. 

4S 

41. 

90.1 

106 

OB.t 

46.B 

100 

140.9 

79.8 

S08.1 

00.1 

ISO 

967.1 

36. 

4T 

48. 

90.6 

107 

00.9 

40.0 

107 

IBD.I 

71.9 

887 

904.0 

BB.t 

987 

sse.t 

St.: 

48 

41. 

91.0 

loa 

07.1 

4T.t 

108 

IBl.O 

7t.8 

888 

Wt.B 

BB.B 

t88 

tt8.< 

St.: 

40 

44. 

91.5 

too 

ee.o 

4T.8 

100 

IBI.O 

74.1 

88B 

SOf.B 

100.4 

360 

910.8 

19t.I 

S* 

44. 

91.0 

110 

08.0 

48.9 

ITO 

163. 8 

74. t 

810 

906.T 

100.8 

300 

860.7 

IIT. 

SI 

46. 

■5:4 

Tu 

■oO 

48.T 

ISTt 

7S.0 

811 

307.6 

101.1 

301 

161,6 

117.< 

ss 

4«. 

99.B 

111 

OO.T 

I7B 

114.0 

7t.4 

811 

^e.t 

101 .7 

3B9 

>ei.4 

116.1 

47. 

91.11 

111 

101.6 

m.t 

Tt.8 

811 

10B.4 

103.1 

SM 

361.1 

in.' 

48. 

91.7 

114 

109.6 

1T4 

ISO. 4    TO.t 

>34 

110.1 

109.6 

9B4 

964.1 

in.i 

SB 

40. 

94. 1 

116 

lot. 4 

176 

157.1    TO.T 

tit 

aii.i 

101.0 

906 

966.1 

in.i 

Bfl 

BO. 

94.B 

lie 

104.1 

BO.g 

176 

168.) 

TT.l 

SM 

119.1 

101. a 

906 

960.0 

in.i 

BT 

61. 

S5.0 

117 

106.1 

Sl.t 

177 

WB.l 

TT.6 

917 

Slt.O 

101 .0 

997 

960.0 

IW.I 

ce 

sa. 

9t.4 

118 

100. 1 

B1.7 

178 

100.0 

78.0 

318 

llt.O 

104.1 

80S 

967.8 

i».( 

B« 

u. 

9t.O 

110 

lOT.O 

t9.9 

170 

100.0 

78.6 

9tB 

114.8 

104.6 

900 

968.7 

m.i 

00 

M. 

»e.t 

ISO 

107.B 

t8.0 

ISO 

101 .8 

TB.B 

940 

iia.r 

106.9 

100 

960.6 

m^ 

Dul. 

D.^ 

UL 

Diit 

Dep. 

LaL 

DM 

5^ 

Lu. 

DUt 

Dep. 

UL 

KM 

Dep. 

ut 

5KB^^ 

For  M  DegiM.      { 

TABLE  II. 

— :^ 

Difimce  of  Uttdde  ud  Doinrtvre  forS7 

■ 

iMgrco. 

Dbt 

Lm. 

Dsp. 

Dtat 

Ltt. 

D^ 

Din. 

LM. 

Dip. 

Dbt 

Ut 

^ 

Lrt. 

D«p. 

"wTo 

oo.s 

01 

WTj 

lit 

107.8 

S4.S 

181 

iSTi 

Ml 

nil 

1091 

a 

01.8 

BO 

9 

01 

•S.l 

is 

199 

108.7 

OS  .4 

188 

108 

89 

ft     941 

115.6 

109.  S 

> 

09.T 

01 

«■ 

Bft.1 

38 

181 

100.« 

SS.8 

161 

161 

St 

941 

8I0.B 

IIO.l 

4 

•s.s 

01 

8 

0« 

07. 0 

90 

1941 

IIO.S 

6«.S 

104 

161 

81 

944 

817i4 

llO.i 

6 

M.e 

09 

S 

OS 

57.9 

SO 

1>B 

111.4 

06.7 

185 

164 

84 

340 

218. 1 

111.9 

« 

os.s 

09 

7 

ftft 

58.8 

80 

IM 

iia.i 

ST  .9 

ISO 

16S 

64 

94« 

910.8 

111.7 

T 

w.s 

Ot 

2 

67 

B9.T 

10 

197 

I1B.9 

07.7 

187 

100 

84 

847 

180.1 

113.1 

ft 

•7.1 

OS 

0 

08 

00.8 

so 

198 

114.0 

B8.I 

180 

1«7 

SS 

948 

891.0 

119.0 

9 

os.« 

«4 

1 

08 

01.5 

81 

199 

114.0 

08.6 

180 

108 

85 

946 

891.9 

llt.D 

11^ 

«.« 

«i 

fi 

70 

09.4 

« 

lU 

115.8 

60.0 

190 

109 

80 

850 

939.8 

lit. 6 

11 

09  .B 

OS 

"o 

"fi 

01 .1 

19 

Til 

nr? 

"bO 

"iw 

170 

1« 

to? 

9U.6 

iiTo 

II 

10. T 

OB 

n 

S4.9 

■9 

199 

117.6 

BO.g 

109 

171 

87 

3B9| 

U4.5 

114.4 

la 

11.S 

«B 

9 

n 

oa.o 

U 

Its 

118.5 

60.4 

101 

179 

87 

9Bt 

U5.4 

II4.S 

14 

I8.S 

00 

4 

74 

OB.O 

Sl 

lt4 

II0.4 

OO.B 

104 

179 

SS 

9B4 

136.1 

llS.t 

U 

M.4 

00 

8 

TB 

00.8 

14 

lis 

190  .S 

61.8 

105 

171 

88 

X6B 

897.9 

1IB.8 

10 

14.S 

07 

3 

78 

07.7 

84 

lis 

181.9 

«l.T 

100 

174 

89 

350 

198.1 

116.: 

IT 

IS.I 

07 

7 

77 

08.0 

IS 

1S7 

198.1 

69.8 

197 

176 

89 

967 

199.0 

110.7 

18 

10.0 

08 

9 

T8 

W.5 

SB 

IH 

ISS.O 

09.7 

ise 

170 

89 

858 

999.0 

117. 1 

19 

le.ff 

M 

ft 

79 

70.4 

IS 

ISO 

i9s.e 

OS.l 

I9B 

177 

90 

850 

m.8 

117.. 

SO 

17.8 

00 

J 

SB 

71.1 

to 

140 

114.T 

ftS.ft 

900 

178 

90 

900 

m.7 

IIS.O 

91 

18.7 

-» 

S 

~8i 

■«! 

10 

141 

liTfl 

04.0 

901 

170 

"M 

t|90l 

ml 

ml 

n 

■».« 

10 

0 

89 

71.1 

17 

141 

19S.S 

04.5 

909 

180 

W 

111  .4 

11B.S 

u 

M.I 

10 

81 

74.0 

S7 

141 

197.4 

B4.g 

90t 

180 

09 

114.1 

110.. 

M 

11.4 

10 

9 

S4 

74. S 

S8 

144 

198.1 

65.4 

904 

181 

09 

ft     904 

ns.K 

119.1 

15 

99.* 

11 

■ 

8C 

TB.7 

IB 

14S 

199.9 

65.8 

90S 

188 

90 

805 

816.1 

130.1 

M 

U.l 

B 

SB 

Tfl.fl 

99 

140 

ISO.l 

66.9 

800 

ISS 

Ot 

860 

817.0 

190.8 

tt 

M.l 

19 

S 

87 

77,5 

19 

I4T 

ui.g 

66.T 

907 

164 

94 

907 

M7.B 

181,: 

■8 

M.9 

19 

7 

88 

78.4 

40 

148 

111.9 

6T.8 

908 

IBB 

94 

368 

9t8.8 

181.T 

» 

u.e 

IS 

9 

SO 

79.1 

40 

149 

119.8 

67.6 

800 

ISO 

04 

960 

119.7 

138.1 

M 

M.7 

IS 

ft 

90 

B0.9 

40 

ISO 

m.T 

68.1 

910 

187 

OB 

3T0 

140.0 

189.6 

■1 

*T.fl 

l4 

1 

~9i 

in 

41 

151 

1S4.6 

68.6 

"Ml 

lis 

OS 

971 

isT 

M 

98  .S 

14 

S 

99 

B9.0 

41 

1S9 

IIS. 4 

00.0 

819 

188 

00 

978 

143!4 

191. S 

U 

90.4 

IS 

0 

08 

89.9 

49 

IBS 

is«.t 

69.6 

911 

189 

90 

878 

t41.9 

ISt.ll 

*4 

•0.1 

IS 

4 

M 

81.8 

49 

1S4 

1S7.9 

60.9 

314 

100 

97 

874 

144.1 

184. 

U 

11.3 

IS 

9 

OB 

84.0 

41 

15S 

118.1 

70.4 

81S 

191 

07 

375 

846.0 

184.9 

IG 

19.1 

16 

3 

ve 

01  .s 

41 

1S« 

119.0 

TO. 8 

816 

193 

98 

370 

14B.I 

US.) 

tT 

U.O 

1ft 

8 

07 

80.4 

44 

1ST 

119.9 

Tl.S 

317 

191 

98 

an 

140.8 

iss.e 

•8 

u.g 

IT 

1 

•e 

67.8 

44 

1S8 

140 .« 

11.7 

918 

194 

99 

878 

147.7 

186.1 

SS 

•4.7 

IT 

T 

00 

08.9 

44 

ISO 

Ml  .7 

79.9 

310 

I9S 

99 

979 

148.B 

196.T 

40 

M.fl 

18 

i 

109 

S».l 

4S 

100 

149.0 

T9.6 

990 

190 

90 

880 

849  .B 

197.1 

41 

Ml 

"is 

ft 

"ioi 

ooTo 

4S 

181 

nri 

"JTT 

"wi 

196 

100 

981 

160:4 

ml 

a 

(7.4 

10 

IH 

90.9 

48 

1S9 

144.1 

999 

197 

100 

161  .t 

188.0 

41 

tB.I 

19 

S 

loa 

91.8 

4« 

161 

146.9 

T4!o 

981 

196 

101 

981 

169.3 

ISS. 5 

44 

■9.9 

SO 

0 

IM 

99.7 

47 

104 

14ft.t 

T4.5 

984 

109 

101 

984 

ISl.O 

188.9 

4S 

40.1 

90 

4 

lOB 

9I.B 

4T 

1«S 

147.0 

T4.0 

936 

WO 

109 

885 

ISl.O 

I2D.4 

4ft 

41.0 

90 

9 

100 

94.4 

48 

166 

147.9 

T5.4 

996 

5oi 

109 

980 

1B4.8 

190. ( 

41 

41. » 

91 

■ 

107 

9B.1 

48 

1«7 

148.6 

TO. 8 

997 

W9 

101 

987 

166.7 

IW.I 

48 

49.8 

91 

6 

108 

90.9 

49 

168 

I49.T 

T6.1 

998 

101 

988 

160.G 

110.7 

4S 

41.7 

89 

9 

109 

»7.l 

49 

lOO 

IBO.e 

T6.T 

990 

104 

989 

1S7.5 

111  .a 

SO 

44. C 

99 

T 

no 

oe.o 

49 

ITO 

IB  1.6 

7T.1 

880 

M>4 

104 

too 

1S8.4 

111.7 

Bl 

U.i 

"» 

1 

TTT 

SO 

ITl 

Uil 

"77:6 

9tl 

104 

991 

1S9.S 

118.1 

H 

40.1 

9S 

6 

lis 

g».e 

1T8 

151.1 

T8.1 

311 

105 

993 

Mo.a 

!».( 

a 

47.9 

94 

111 

100.7 

51 

ITS 

154.1 

T8.5 

811 

105 

991 

Ul.l 

m.o 

M 

48.1 

94 

S 

114 

101. 0 

SI 

174 

155.0 

T9.0 

9t4 

108 

994 

m.t 

M 

4D.0 

9S 

0 

11B 

109.5 

SI 

1T6 

IBt.D 

79.4 

815 

ISO 

30B 

woli 

m.9 

H 

49.» 

9S 

4 

no 

101.4 

fil 

170 

150.8 

TO.O 

SH 

110 

107 

900 

Wl.t 

iS4. 

SI 

BO.B 

9S 

9 

117 

104.9 

Bl 

177 

167.7 

S0.4 

817 

111 

107 

397 

164.6 

1S4.I 

88 

•1.7 

90 

S 

lie 

■OS. I 

58 

178 

168.0 

SO. 8 

818 

119 

108 

808 

165  .S 

ItB.I 

SB 

Bi.e 

96 

8 

110 

IDO.O 

54 

170 

160.5 

81. S 

810 

111 

108 

890 

M0.4 

116.7 

Bi.a 

97 

1 

190 

106.9 

S4 

180 

100.4 

SI. 7 

340 

111 

100 

seo 

907  .S 

136.; 

^ 

D«p. 

S 

Dbt. 

Dq>. 

1^ 

Di.L 

Dep. 

JM. 

Dkt 

D«p. 

IM. 

DiiL 

Dep. 

LM. 

^^Bi 

Fore 

3  Degree. 

b,  Google 


-^Bsa 

TABLE  n. 

■ 

DegrMO. 

1 

ds; 

IM. 

D«p. 

DUt 

ImL 

D^ 

Dirt. 

U. 

t   Ucp. 

DM. 

Ut. 

D^tlDM. 

LM. 

Otp. 

—f 

"551 

00. s 

61 

St. 4 

89.0 

181 

ias 

1    U.T 

"liT 

IS8.1 

»7. 

Ml 

iioli 

t 

01.7 

01.0 

62 

S4 

9 

10 

199 

106 

7    19.1 

189 

ISB.l 

BB. 

349 

lll.T 

II7.I 

% 

os.e 

01  .s 

61 

SB 

1 

10 

181 

107 

(     89.6 

181 

lOO.I 

88. 

Ml 

119.6 

I17.f 

* 

03  .B 

01 .9 

Oi 

B6 

0 

11 

I>4 

108 

S   60. 1 

184 

100.  B 

S». 

M4 

119.4 

118.1 

MA 

0S.4 

es 

SO 

9 

11 

lis 

109 

■    60.6 

18S 

161.8 

89. 

■46 

114.) 

118.1 

i 

OS.l 

0S.9 

66 

47 

T 

■9 

196 

no 

1    61.1 

186 

108.7 

90. 

346 

I15.S 

IIB.I 

n 

06.1 

01.4 

07 

S8 

6 

■8 

197 

1    61.0 

187 

101 .« 

90. 

S47 

ilO.O' 

119.9 

8 

07.0 

01.9 

08 

S9 

S 

11 

lie 

iia 

0    08.1 

188 

164.4 

91. 

MB 

IIO.S 

180.: 

V 

07 .8 

04.4 

OS 

00 

• 

U 

199 

e    09.S 

im 

ISS.l 

91. 

M9 

llT.f 

180.1 

IB 

08. T 

04.8 

TO 

61 

8 

■i 

IM 

lis 

7    OJ.O 

190 

166.8 

93. 

960 

118.7 

181.! 

~n 

"wl 

"oTi 

71 

69 

•4 

"Si 

114 

1     01.6 

IBl 

107. 1 

BS. 

961 

II9.B 

iaTi 

11 

10.5 

0B.8 

71 

01 

0 

■4 

119 

lis 

4    04. 0 

19S 

107.9 

Bl. 

963 

190.4 

199.1 

i( 

11.4 

06.1 

ri 

61 

8 

» 

m 

116 

■    04.6 

ie« 

108.8 

01. 

963 

191.1 

199.1 

14 

la.s 

06.8 

T4 

64 

7 

IS 

114 

117 

S    OS.D 

1B4 

04. 

964 

(93.1 

131.1 

IG 

13.1 

07.8 

7t 

OS 

6 

to 

lU 

118 

1    «S.4 

IBS 

170  lo 

9«. 

9tS 

nt.o 

ISl.l 

U 

14.0 

07.8 

76 

06 

S 

■0 

IM 

118 

S    «6.B 

IBO 

ITI.4 

B6. 

SS6 

m.9 

IM.I 

IT 

14.9 

08.9 

77 

87 

1 

IT 

117 

lis 

8    B0.4 

197 

178.1 

B6. 

967 

IH.B 

IM.i 

18 

IS-.7 

08.7 

78 

68 

1 

■7 

118 

7    06.S 

198 

171.1 

96. 

SS8 

136 .7 

ISS.l 

.19 

16.6 

09.9 

79 

09 

1 

18 

1*9 

111 

e    6T.4 

199 

174.0 

90. 

9S9 

IM.6 

196. 1 

M 

II.S 

St 

TO 

0 

•8 

140 

182 

>    67.9 

sot 

174.9 

97. 

860 

tS7.4 

186.1 

« 

18.4 

"iol 

81 

TO 

8 

»■ 

141 

1» 

B   68.4 

901 

I7S.8 

07. 

"ioi 

ISS.t 

ISO. 6 

U 

IB.l 

lO.T 

81 

71 

7 

■9 

149 

194 

1   68.8 

SOS 

176.7 

07. 

863 

190.9 

IST.i 

ts 

M.I 

11.1 

81 

79 

e 

40 

I4S 

US 

1    69.1 

SOI 

in.s 

98. 

SOI 

ttO.O 

IST.S 

M 

91.0 

11.6 

84 

71 

E 

40 

144 

lis 

0   69.8 

S94 

178.4 

SB. 

S64 

tto.g 

198.1 

SB 

91  .B 

IS.I 

8S 

74 

S 

41 

146 

190 

8    70.1 

SOS 

I7B.I 

SO. 

866 

ttl.B 

198.1 

M 

99.7 

19.6 

Sf 

7S 

1 

41 

140 

197 

7    70.8 

806 

IBO.l 

BO. 

866 

W9.6 

199.1 

9T 

St.S 

U.l 

87 

76 

1 

41 

147 

198 

6    71.3 

807 

181.0 

too. 

867 

iM.6 

199.. 

18 

94. e 

U.6 

88 

77 

0 

48 

148 

190 

4    71.8 

988 

181.9 

100. 

n4.4 

199. 

n 

9S.4 

14.1 

89 

77 

8 

a 

14B 

IW 

1    79.9 

809 

189.8 

101. 

969 

116.1 

lU.. 

M 

M.S 

I4.B 

90 

78 

7 

41 

ISO 

111 

1     78.T 

310 

183.7 

101. 

970 

no.i 

1M.( 

~il 

97.1 

IB.O 

91 

79 

6 

44 

ISI 

US 

"i    71.1 

811 

I84.fi 

108. 

971 

a7.o 

111. 

M 

W.O 

IS.I 

91 

80 

S 

44 

ISl 

lis 

g  T1.7 

119 

IBS  .4 

103. 

973 

NT  .9 

111.' 

U 

88.9 

16.0 

91 

81 

s 

4fi 

ist 

Hi 

8    T4.9 

911 

180.1 

101. 

971 

MB.B 

198.4 

U 

99.7 

I6.S 

94 

89 

1 

4fi 

IS4 

IB4 

7    T4.7 

914 

187. 9 

101. 

9T4 

DB.O 

lU.t 

ts 

10.6 

17.0 

96 

81 

46 

ISS 

Its 

0    76. 1 

916 

188.0 

104. 

8T6 

140.6 

lU. 

M 

11  .fl 

17  .t 

90 

84 

0 

40 

It6 

116 

4    76.0 

916 

1BB.9 

104. 

9T6 

m.i 

lU.I 

17 

11.4 

17.9 

97 

84 

8 

47 

167 

117 

3    70.1 

917 

189.6 

106. 

tn 

343.) 

IM.I 

U 

M.I 

18.4 

98 

BS 

7 

47 

ue 

118 

1    70.« 

918 

190.7 

lOS. 

KB 

141.1 

iM.e 

■9 

S4.1 

le.g 

OS 

BO 

< 

48 

169 

IS9 

1    T7.1 

SIB 

101.6 

106. 

S7S 

144.1 

ItS.t 

40 

U.D 

19.4 

100 

87 

S 

48 

1«« 

119 

8    77.0 

990 

199.4 

100. 

980 

344.1 

Its  .7 

tS.9 

19.9 

T« 

88 

1 

49 

161 

140 

1     78.1 

991 

191.1 

107. 

981 

t4S.8 

41 

M.T 

se.4 

Its 

80 

1 

4» 

1« 

■41 

T   TB.S 

919 

194.9 

107. 

981 

346.A 

110.  T 

a 

■7.0 

90.6 

101 

90 

1 

49 

161 

148 

d   7».0 

SSI 

196.0 

198. 

381 

MT.E 

117. 

44 

W.B 

91 .1 

104 

SI 

0 

SO 

164 

141 

4   TO.S 

SS4 

196.9 

108. 

984 

348.4, 

U7.7 

4S 

■9.4 

91  8 

lOfi 

BI 

8 

SO 

166 

144 

1    80.0 

9S6 

190.6 

109. 

986 

340.) 

ItB.I 

46 

40.9 

99.1 

leo 

98 

7 

61 

166 

14S 

1    80.S 

9S0 

197.7 

109. 

386 

310.1 

118.7 

47 

41.1 

S9.e 

107 

Bl 

0 

61 

167 

140 

1    81.0 

897 

198.6 

119. 

987 

tSl.ft 

119.1 

48 

49.0 

91.1 

108 

S 

69 

168 

140 

9    81.4 

8S8 

IBB.4 

110. 

988 

SSI  .9 

IBD.O 

4S 

49.9 

13.8 

IW 

OS 

169 

I4T 

8    81.9 

889 

MO.B 

111. 

989 

368.8 

140.1 

SO 

4>.T 

34.B 

no 

00 

1 

SS 

)T0 

148 

T    88.4 

310 

101.9 

111. 

9M 

363.6 

140.0 

-« 

44.0 

M.7 

111 

97 

1 

"bT 

171 

UD 

(     83.9 

Sll 

t09.D 

118. 

"ioi 

1S4.6 

141.1 

tl 

4S.fi 

9B.I 

lis 

98 

0 

64 

ITS 

4    81.4 

318 

W».! 

1)9. 

991 

166.4 

141.0 

SI 

40.4 

as  .7 

II) 

98 

8 

64 

173 

161 

1    81.9 

SU 

111. 

991 

360.) 

NS.O 

S4 

47.9 

90.9 

114 

99 

SS 

174 

168 

a    84.4 

SM 

mm!] 

III. 

9H 

15T.1 

143.  b 

U 

48.1 

98.7 

lis 

100 

0 

SS 

ITS 

ISl 

1    64.8 

SK 

IIS. 

368.0 

141.0 

M 
»7 

49.0 
49.9 

9T.I 
8T.6 

116 

101 

S 
1 

so 
so 

ITfl 

m 

ISl 
IS4 

(    8S.1 

8    8S.8 

317 

W7.3 

114. 
114. 

996 
997 

368.9 
3S9.8 

I41.S 
144.0 

117 

IM 

S6 

SO. 7 

98.1 

lie 

lOl 

9 

ITB 

ISO 

T    80.1 

3I« 

MB  .9 

IIS. 

990 

uo.e 

144.6 

S9 

SI  .6 

88.6 

lis 

104 

1 

170 

IS6 

6    80.8 

sia 

ZOB.O 

ns. 

999 

Ml.S 

146.8 

SO 

S9.d 

99.1 

190 

lOS 

0 

68 

18« 

IST 

t    87.1 

S40 

MO.B 

lie. 

300 

103.4 

14S.4 

DW 

Dq^ 

LU. 

Dbt 

Dep. 

-£=n 

DM 

Dei 

>.    LM. 

Ditt 

Dq,. 

LU. 

Dnt 

D«p. 

Lat. 

F«r  61  D«tr«M.        H 

« 

TABLE  11.                                                 ' 

DMertBce  of  Utititim  nd  DeputMV  ht  30  DtgntM. 

Dte 

L>L 

Dtp. 

Dkt 

UL  D«^ 

DW. 

LM. 

Dqx 

D»t 

Lat. 

Dq>. 

Dbt 

LM. 

Dq. 

1 

OO.B 

•1 

Ba.8    lO.S 

ISl 

IM.B 

OO.B 

181 

60.8 

M.S 

-ui 

STr 

19t.l 

I 

01  .T 

n'.9 

SS.T 

11 .0 

in 

lOS.t 

61.0 

188 

167.0 

91.6 

Ml 

sm.6 

191.1 

1 

oa.g 

01  .a 

ai 

s4.a 

■  I.S 

181 

loe.B 

61  .B 

in 

68.6 

9t.S 

MS 

916.4 

111.1 

4 

u.s 

«a.o 

04 

BB.4 

U.O 

134 

10T.4 

•1.0 

184 

IBB.l 

«9.< 

144 

Sll.l 

191.1 

> 

04 .1 

«a.s 

Of 

«a.i 

n.s 

1S6 

106.8 

a.B 

186 

160.1 

99.S 

S46 

SIS.l 

m.i 

6 

OS.I 

M.O 

66 

S7.I 

U.O 

196 

109. 1 

68.0 

186 

101.1 

tt.t 

946 

811.0 

U1.I 

t 

M.l 

0S.6 

67 

■8.0 

u.s 

1S7 

IIO.O 

01. B 

I8T 

161.0 

n.B 

M7 

811.0 

m.l 

fl 

M.S 

M.O 

66 

■4.9 

>4.0 

in 

iio.g 

64.0 

Iffi 

169.8 

M.O 

S«8 

814.8 

IM.I 

9 

tr.8 

M.« 

60 

SO.B 

S4.a 

U9 

II1.7 

•4.S 

180 

101.7 

M.S 

MB 

916.0 

IU.1 

U 

OB.T 

os.o 

TO 

60.0 

U.O 

lU 

II9.6 

«B.O 

190 

164.6 

H.O 

»2 

910.6 

1)6.1 

11 

w.* 

06.S 

71 

61. « 

U.S 

111 

113.4 

OB.S 

191 

OS.S 

Ml 

917.4 

iS: 

IS 

10.4 

BO.O 

71 

69.4 

H.O 

lU 

1I4.0 

66.0 

IBS 

106.1 

•0.0 

9U 

118.9 

11B.I 

n 

11. s 

OB.S 

7« 

BS.9 

H.S 

lU 

116.1 

66.6 

16T.I 

90.6 

MS 

S19.1 

19B.I 

14 

IB.l 

07,0 

74 

64.1 

•7.0 

114 

110.0 

•7.0 

IM 

168.6 

B7.0 

SM 

sn.o 

1)7.1 

IS 

It.O 

07.1 

78 

6B.0 

•7.S 

IH 

llfl.B 

07.6 

196 

108.9 

97.6 

ISC 

SM.8 

ISI.I 

le 

11.9 

06.0 

76 

6B.8 

■8.0 

lU 

HT.B 

M.O 

196 

169.7 

98.1 

»• 

hsi.7 

1)8.1 

17 

14. T 

08.S 

77 

66.7 

18.9 

m 

II8.6 

n.s 

107 

170,6 

98.8 

967 

ns.< 

I1B.I 

IB 

OB.O 

78 

67.* 

U.O 

M 

IIB.S 

09.0 

W 

171.6 

W.O 

H8 

n».4 

m.l 

IB 

ifl!* 

OD.S 

70 

6S.4 

U.S 

1» 

1M.4 

OB.S 

100 

178.1 

M.t 

sn 

■M.t 

in.i 

•0 

IT.S 

10.0 

SO 

«B.) 

40.0 

140 

111.9 

70.0 

900 

171.1 

00.0 

SM 

■S6.9 

m.i 

II 

IB.I 

10.* 

81 

■tiTi 

40.S 

141 

lai.i 

70. B 

ni 

mTi 

iooTS 

Ml 

IM.O 

IMJ 

n 

19.1 

U.O 

as 

71.0 

41.0 

141 

m.o 

71.0 

9«i 

174.9 

101. 0 

in 

IM.I 

111.1 

M 

Ifl.B 

U.6 

83 

71  .B 

41  .S 

141 

in. I 

71.6 

90* 

i7s.a 

101. B 

sea 

U1.I 

M 

W.8 

IS.O 

84 

78.7 

4S.0 

144 

W4.7 

79.0 

904 

176,7 

108.0 

SM 

m.t 

in.i 

U 

ai.7 

IS.S 

79.6 

4S.S 

14S 

US. 6 

TS.S 

90« 

177. B 

08.6 

M4 

IM.S 

U1.I 

•e 

».a 

11.0 

08 

74. t 

41.0 

146 

190.4 

71.0 

M6 

1TB.4 

1M.« 

m.t 

U1.I 

IT 

n.4 

M.S 

ST 

TB.) 

4^.E 

147 

117. 1 

71.6 

M7 

179.1 

100.6 

S67 

ni.9 

lt).l 

94.1 

14.0 

ae 

78.1 

44.0 

146 

US.S 

74.0 

MB 

IM.I 

IM.O 

tti.i 

W.I 

IB 

U.I 

14. B 

80 

77.1 

44.6 

140 

laa.o 

74. B 

181.0 

IM.B 

nt.e 

1U.I 

U 

M.O 

IB.O 

BO 

77.9 

4S.0 

ISO 

in.o 

76.0 

910 

181.9 

106.0 

S70 

IU.8 

lU.I 

11 

X.B 

IS.B 

~n 

78.8 

"m 

"hi 

110.8 

76. 6 

911 

189.7 

I0B.6 

871 

n4.7 

iiTi 

■a 

B7.T 

10.0 

m 

70.7 

4O.0 

ISO 

111.0 

76.0 

911 

in. 6 

100.0 

979 

ns.6 

1H.I 

H 

18.0 

lO.S 

•■ 

80.S 

46.6 

IBl 

IM.S 

70.6 

111 

IM.S 

100.6 

971 

U6.4 

ItS.i 

u 

ao.4 

17.0 

M 

81.4 

47.0 

1B4 

111  .4 

77.0 

114 

186.1 

107.0 

974 

n7.i 

m.l 

u 

■0.1 

17  .a 

00 

81.8 

47.6 

IBS 

114.9 

7T.6 

916 

186.9 

107.8 

ITS 

■U.l 

m.i 

u 

■1.1 

is.o 

ae 

Bt.l 

48.0 

ISO 

lU.I 

78.0 

810 

187.1 

108.0 

176 

■U.O 

IM.I 

wr 

».D 

18. A 

07 

84.0 

48.6 

167 

136.0 

78.5 

117 

187.9 

108.0 

977 

ne.o 

iit.i 

as 

BS.t 

10.0 

«B 

84.9 

40.0 

168 

1U.8 

79.0 

918 

IBB. 8 

100.0 

178 

■40.8 

m.i 

w 

U.S 

IS.S 

90 

86.7 

49.6 

169 

111. 7 

79.B 

919 

189.7 

100.6 

17B 

HI  .6 

in.! 

40 

u.s 

M.O 

100 

80.0 

60.0 

160, 

U8.0 

60.0 

SM 

1M.6 

110.0 

980 

■U.S 

140.1 

41 

■wTi 

•1 

"STs 

w:5 

"iSi 

iiiff 

80.  B 

1« 

IBl  .4 

uTB 

"wi 

■41.4 

i4M 

4> 

a6.4 

»!o 

OS 

88.1 

Sl.O 

161 

140.1 

81.0 

SS^ 

191.S 

111.0 

sn 

H4-.1 

141.1 

4t 

•T.S 

Sl.S 

80.1 

41 .6 

169 

141 .1 

81.5 

9tt 

101.1 

111.6 

sn 

I4S.I 

141.1 

4- 

■3.1 

S9.0 

04 

BO.l 

ts.o 

164 

149.0 

BS.O 

SM 

194.0 

IIS.O 

SM 

146.0 

I4I.I 

■0.0 

9I.S 

lOB 

BO.O 

ss.s 

166 

149.9 

BS.6 

SU 

I04.B 

119.S 

SBS 

■40.0 

141.1 

41 

IB.B 

M.O 

106 

91.8 

Sl.O 

loe 

141.8 

88.0 

9M 

196.7 

ni.o 

SM 

■47.7 

141.1 

47 

40.7 

9I.S 

lOT 

99.7 

61.6 

m 

144.6 

St.B 

997 

196.6 

111.6 

sn 

M8.6 

14t.i 

48 

41.0 

M.O 

108 

9t.S 

64.0 

toe 

146  .B 

M.O 

sn 

197. S 

114.0 

S88 

■49.4 

141 .1 

40 

49.4 

M.S 

109 

04.4 

B4.S 

109 

140.4 

B4.S 

9n 

198.1 

114.8 

S89 

160.1 

144.1 

M 

4S.I 

SB.D 

110 

OS. I 

SB.O 

110 

147.8 

86.0 

no 

199.8 

IIS.O 

seo 

■61.1 

14I.I 

61 

111 

66.6 

171 

148.1 

in 

■ni 

MoTT 

IIB.B 

In 

wTo 

mJ 

•1 

4S.< 

to'.o 

111 

91.9 

80.< 

17S 

140.0 

86.0 

9U 

■00.0 

116.0 

SOS 

161.9 

M.t 

6'. 

4S.9 

H.S 

11! 

17» 

149.8 

su 

901.8 

110. s 

sn 

■61.7 

M.i 

46.8 

17.0 

D8.T 

67. 1 

174 

ISO. 7 

87.0 

9M 

■09.6 

117.0 

SM 

114 .6 

14t.l 

9T.5 

9B.6 

176 

ISI.O 

67. S 

SIB 

Ml.B 

117.6 

SM 

K6.I 

MI.I 

48. S 

S8.D 

loo.a 

SB.O 

170 

1S9.4 

86.0 

su 

104.4 

UB.O 

>M 

KO-l 

I4S.I 

61 

40.4 

S8.B 

101.1 

177 

1M.3 

68.3 

n7 

MS.S 

118.6 

807 

167.9 

148.1 

«B 

so.a 

SB.O 

118 

101.9 

BO.O 

178 

1B4.1 

80.0 

9U 

■06.1 

119.0 

908 

I6S.1 

14t.l 

BS 

S1.I 

19.B 

110 

101.1 

SB.S 

178 

us.o 

09.6 

SH 

■07 .0 

119.B 

99t 

I6S.B 

140.1 

60 

68.0 

iO.O 

190 

101. e 

00.0 

|l8« 

16B.S 

00.0 

MO 

ROT  .8 

190.0 

JM 

■B9.8 

\HA 

k^ 

Dq.. 

LaL 

Dbt 

Ucp. 

Lu. 

^ 

De^ 

LU. 

DUt 

D.P. 

UL 

^ 

Ifcp- 

Ut. 

1 

TotGOVegnet. 

^^^^ 

TABLE  IT. 

49 

OiftiMee  «f  Ijditwh  ud  Dii|wtt««  for  SI  DsiMM. 

Dirt. 

LU. 

Dtp, 

DUt 

Lit. 

Deo. 

Dut 

L«L 

D^ 

Dut 

Ltt. 

D^ 

>.    IHM. 

Lat. 

S 

~ 

"ooTS 

■ooli 

-61 

-sTi 

■1.4 

lii 

101.7 

Ml 

~m 

wTT 

St 

8    941 

306.6 

IS4 

» 

01. T 

01.0 

6S 

Sl.l 

11  .B 

191 

104.0 

89 

8 

189 

iBa.o 

m 

T    343 

» 

08.S 

01. B 

61 

u.o 

1S.4 

191 

10S.4 

81 

1 

188 

iB6.g 

M 

1    941 

mb!i 

4 

01.4i 

09.1 

64 

04.0 

U.o 

1S4 

108.1 

81 

0 

184 

1S7.7 

B4 

8     S4< 

iOO.I 

» 

04.» 

09.6 

Bt 

SS.T 

u.s 

19S 

107.1 

84. 

4 

1BBI 

IBB.6 

06 

S     345 

au.« 

^ 

Ofi.l 

01.1 

86 

S8.6 

14.0 

19« 

106.0 

84 

0 

1861 

1BB.4 

OS 

8     346 

110.0 

136 

T 

06.0 

os.e 

61 

S7.4 

14.0 

197 

106.9 

6S 

1B7 

160.1 

06 

)     S47 

111.7 

187 

a 

M.» 

04.1 

88 

S8.S 

U.O 

198 

100.7 

86 

0 

IBB 

161.1 

06 

8     S4B 

)19.6 

187 

9 

or. I 

04.8 

«e 

BB.l 

U.S 

199 

110.6 

08 

4 

181^ 

I6I.0 

or 

1     S4B 

111. 4 

ISB 

10 

08.( 

0S.9 

7) 

80.0 

16.1 

180 

111.4 

87 

0 

llHi 

161.0 

BT 

e  SBo 

114.  ■ 

138 

11 

-iHM 

OS  .7 

7i 

■STi 

■6.6 

111 

IIS.S 

6T 

■s 

iBl 

I61.7 

"w 

~4     SBI 

ilO 

ISO 

u 

!».« 

08.9 

n 

61. T 

17.1 

119 

lU.I 

68 

0 

IB) 

184.6 

Be 

0     SB) 

116.0 

119 

11 

ll.l 

08.7 

71 

69.8 

17.6 

lU 

114.0 

68 

s 

lli 

I6S.4 

OB 

4     SSI 

116.0 

ISO 

14 

IS.O 

07.9 

74 

61.4 

ts.i 

114 

114.0 

60 

0 

1B4 

166.1 

00 

B     SS4 

117.7 

IM 

It 

ii.g 

07.7 

TS 

ei.i 

•8.6 

lU 

IIS  .7 

60 

S 

IBS 

isr.i 

100 

4     SBB 

»S.6 

III 

la 

U.T 

08.9 

TA 

8C.1 

10.1 

lU 

118.6 

TO 

0 

198 

168.0 

100 

B     St6 

119.4 

1)1 

IT 

14.8 

08.8 

TT 

66.0 

10.7 

117 

II7.4 

TO 

6 

197 

168.0 

101 

s   ssr 

190.1 

1)8 

18 

U.4 

00.8 

T8i 

66.0 

40.9 

lU 

IIB.l 

71 

1 

198 

169.T 

108 

S     3*81 

191 .1 

in 

IB 

18.1 

00.8 

TO 

67.7 

40.7 

ISO 

110.1 

71 

6 

199 

170.6 

108 

S     3S1 

IH 

M 

17.1 

10.1 

80 

68.6 

41.9 

140 

180.0 

79 

1 

900 

171.4 

101 

0     360 

199  !b 

lU 

U 

18.0 

10.8 

Bl 

60.4 

41.7 

141 

IM.O 

IT 

6 

301 

mi 

ios 

1     381 

191. T 

114 

sa 

18.9 

11.1 

81 

70.1 

49.9 

I4S 

131.7 

71 

1 

909 

17S.1 

104 

0     383 

194.8 

114 

St 

10.7 

11.8 

81 

71.1 

49.7 

141 

tss.e 

71 

7 

90S 

174.0 

104 

e     361 

t9t.4 

lU 

u 

M.e 

1S.4 

84 

79.0 

41.1 

144 

131.4 

74 

9 

904 

174.0 

IOS 

1     364 

196.1 

lU 

u 

SI  .4 

13.0 

86 

79.0 

41.8 

t4S 

134.1 

74 

7 

90S 

178.7 

lOB 

e     38S 

m.i 

IH 

M 

Sl.l 

11.4 

e< 

71.7 

44.1 

146 

I3t.l 

78 

3 

906 

176.8 

10« 

1   leo 

198.0 

117 

ST 

Sl.l 

11.0 

81 

74.6 

44.8 

147 

136.0 

7* 

7 

807 

ITT.4 

106 

(     867 

188.0 

117 

ae 

S4.0 

14.4 

8( 

7S.4 

4fl.l 

148 

136.9 

76 

1 

808 

178. S 

lOT 

1     S6« 

»B.7 

1)8 

90 

S4.e 

14.0 

89 

78.1 

4S.S 

140 

137.7 

78 

T 

800 

170.1 

107 

6   set 

UO.O 

IM 

M 

S8.T 

IB.B 

BO 

77,1 

40.4 

ISO 

138,6 

77 

1 

910 

180.0 

108 

3     ST( 

111.4 

IM 

~ii 

lfl3 

10.0 

91 

Ta.o 

48.0 

ISI 

mr* 

8 

911 

iiO 

108 

"J     871 

US.l 

in 

» 

9T.4 

la.B 

99 

T8.B 

4T.4 

19S 

110.) 

811 

181.7 

100 

3     STS 

US.l 

140 

M 

18.1 

17.0 

01 

TO. 7 

4T.9 

1» 

Dl.t 

78 

8 

9IS 

188.6 

100 

T     STl 

IM.O 

140 

U 

30.1 

17.B 

94 

80.6 

48.4 

1S4 

l^S.ft 

3B 

1 

314 

ISS.4 

110 

1     874 

is4.g 

141 

13 

M.O 

IB.O 

Bt 

81.4 

48.0 

ISS 

ISS.O 

79 

8 

SIS 

184.1 

IIO 

7     376 

m.i 

141 

se 

M.t 

18.B 

96 

89.1 

40.4 

ise 

•■■.T 

80 

1 

916 

ISS.1 

111 

3     878 

116.6 

148 

S7 

Sl.T 

10.1 

or 

8).l 

SO.O 

IBT 

1)4.6 

80 

B 

917 

186.0 

III 

8   tn 

117.4 

148 

18 

>9.( 

iB.e 

98 

84.0 

BO.S 

1S8 

US.  4 

81 

918 

186.0 

113 

)     870 

I18.1 

141 

» 

U.4 

10.1 

99 

84.0 

SI.O 

ISO 

136.1 

ei 

B 

910 

187.7 

lis 

B     370 

no.] 

la 

40 

14.) 

90.8 

100 

8S.7 

Bl.S 

160 

187.1 

S3 

390 

188.6 

111 

S     380 

MO.O 

144 

41 

U.I 

"iTT 

101 

86.6 

B8.0 

101 

1S8.0 

89 

B 

391 

180.4 

111 

H     381 

140.9 

uT 

49 

16.0 

91.8 

109 

87.4 

B9.S 

163 

1)8,0 

81 

4 

999 

100.9 

114 

)     881 

141.7 

14S 

M.S 

91.1 

m 

88.1 

Bl.O 

161 

119.7 

84 

0 

3U 

101.1 

114 

S     881 

149.6 

14S 

44 

IT. 7 

99.7 

IM 

80.1 

B1.8 

164 

1406 

84 

« 

894 

108.0 

lis 

•     384 

IW.4 

146 

4a 

18.8 

91.9 

lOS 

00.0 

■4.1 

16S 

141.4 

U 

0 

38t 

108.0 

lis 

t     S8« 

144.) 

146 

46 

■0.4 

91.7 

lOS 

00.0 

B4.e 

186 

143.1 

86 

B 

986 

I9S.7 

116 

4     886 

MS.l 

147 

4T 

40.) 

94.9 

107 

01.7 

SS.l 

16T 

141.1 

86 

0 

827 

194.6 

lis 

0     SBT 

146.0 

147 

48 

41.1 

94.7 

108 

09.6 

6B.8 

168 

144.0 

86 

t 

918 

106.4 

117 

4     38t 

M6.9 

148 

49 

49.0 

SS.9 

lOB 

01.4 

se.i 

160 

144.0 

8T 

6 

990 

108. S 

IIT 

0     SBB 

147.7 

148 

SO 

49.0 

9fi.e 

no 

M.S 

S6.T 

ITO 

14S.T 

BT 

6 

9)0 

107.1 

lie 

S     SB( 

348.0 

149 

Al 

41.T 

96.) 

111 

■oTi 

"sTi 

ITl 

146.6 

88 

"i 

"9»I 

108.0 

110 

0   "»] 

mO 

149 

44.8 

16.8 

111 

96.0 

ST. 7 

ITS 

14T.4 

88 

6 

319 

108.9 

110 

S     SOS 

ItO.I 

ISO 

51 

49.4 

XT.) 

111 

96.B 

S8.S 

IT) 

I4B.1 

89 

SU 

199.7 

ISO 

0     SOI 

IBI.tf 

ISO 

46.1 

17.8 

114 

9T.7 

S8.7 

1T4 

140.1 

BO 

8 

914 

S00.4 

180 

S     304 

IBS.tf 

IBl 

4T.I 

S8.S 

lis 

98.6 

S0.9 

ITS 

ISO.O 

BO 

9U 

101.4 

181 

0    900 

StB8.0 

ISI 

U 

48.0 

98.8 

lie 

BB.4 

60.7 

IT8 

IfiO.O 

00 

6 

9M 

lOS.S 

181 

S    890 

IBI.T 

US 

ST 

48.0 

90.4 

117 

100.1 

60.9 

177 

ISI.7 

91 

3 

SIT 

IM.l 

ISI 

1    SBT 

114.6 

IBl 

S8 

40.7 

SO.O 

118 

lOt.l 

80.8 

IT8 

IS9.6 

01 

I 

SU 

M4.» 

199 

6    SBB 

US. 4 

ISI 

S9 

SO. 6 

10.4 

110 

1D>.« 

81.1 

179 

161.4 

B9 

S 

3)0 

1B4.0 

lU 

1     SBB 

IS6.I 

1S4 

80 

01.4 

M.O 

190 

los.e 

61.8 

189 

IM.l 

09 

7 

340 

I0S.7 

IW 

6     «W 

UT.I 

114 

WA 

I>p. 

L>L 

Ditt. 

Dtp. 

UL 

DM. 

5^:1 

3 

Dut. 

D.P. 

Lb 

L    Diit. 

Dq»- 

La 

'. 

^ 

^ 

^= 

a 

SB 

^m 

__ 

^^ 

■greeo 

48 

TABLE 

IL 

1 

11 

DiM 

IM. 

I>p. 

Diltj 

Ut 

Dep. 

Dilt 

L^ 

De,. 

DW 

La. 

Dq^ 

Diit 

Lit. 

Dq,. 

eo.ei 
01. T 
03.6 

01.4 
04.3 
09.1 
OB.e 
OO.B 

or  .81 

08.B 

OO.B 
01.1 
01.0 
09.1 
03.0 
01.3 
01.7 
04.3 
04.B 
04.1 

61 

63 
» 

64 
01 
06 
07 
08 
60 
TO 

61 

6S 

60 
60 
67 

sa 

69 

■1 

13 
U 
U 
S4 

M 
S6 
M 
M 

17 

1 
0 

131 
133 
181 
134 
136 
136 
1ST 
138 
110 
IW 

101 
101 
104 
106 
100 

too 

107 
108 

100 
110 

6 
6 
1 
1 
0 
0 
7 
0 
4 
3 

64 
04 
•6 
06 
00 
00 
07 
«7 
•8 
OS 

181 
181 
IBS 
184 
186 
186 
IBT 
188 
IBO 
100 

164 

ito 

ISO 
160 
167 
I6B 
160 
100 
161 

96.4 
07.0 
07.6 
06.0 

es.o 

00.1 
90.0 
lOO.S 
100.7 

841 

84( 
847 
848 
940 
S6« 

(04.4 
MH.S 
100.1 
MO.R 

I0T.8 
108.6 
300.6 

110.1 

111.8 
IIS.OI 

137.7 
118.1 
1SS.1 
133.1 
130.8 
1H.4 
IIO.I 
111.4 
1)1. 1 
ISS.G 

16 
IB 

30 

OD.I 
10.1 
11.01 

11  .n 

13.7 
U.fl 
14.4 

U.t 
10.1 

17.0 

06.8 
Ofl.4 
06.9 
07.4 
07.9 
08,6 
00.0 
00.6 
10.1 
lO.B 

71 
T3 
71 
74 
TS 
TO 
TT 
TB 
TO 
60 

01 
01 
03 
01 
04 
06 
00 
67 
07 

18 
68 

W 
19 

40 
40 
41 
41 
41 

lit 
I»8 

164 
116 

IM 

in 

118 

lie 

140 

111 

111 

113 
111 
114 
116 

lie 

117 
117 
118 

1 

i 

1 

7 

00 
70 
71 
71 
73 
78 
71 
71 
74 

IBS 
191 
104 
196 
100 
107 

loe 

100 
300 

163 
161 
164 
166 
100 
lOT 
167 
188 
100 

101.7 
103. 1 
103.8 
101.1 
lOl.S 
104.4 
104.B 
106.6 
10O.( 

851 
859 
351 
954 
955 
950 
957 
SCB 
SCO 
900 

119.0 
111.7 

114.0 
115.4 

iie.i 

8IT.1 
117.0 
318.8 
310.0 
380.1 

lU.S 
114.1 

ii4.e 

IIS.I 

lis. I 
116.: 

IU.t 
IIT.! 
117 .1 

31 
92 

2S 
M 
Si 

38 
H 

IT.B 
18.7 
19.S 
90.4 
31.3 
33.0 
33. B 

si.r 

34.6 
St.4 

11.1 
11. T 
13.3 
ia.7 
11.3 
11.6 
14.1 
14.8 
16.4 
16.9 

SI 

81 
S4 
Bt 
80 
BT 
BB 
69 
00 

09 
TO 
71 
73 
71 
71 
74 
7S 
76 

41 

44 

44 
46 
46 

46 
46 
47 
47 

141 
143 
141 
144 
145 

147 

148 
14V 
160 

130 
131 
133 
131 
131 
134 
136 
130 
117 

74 
76 

T6 
TO 
TO 
77 
TT 
TB 
T9 
T» 

Ml 
SOS 
301 
304 
806 
806 
SOT 
908 
300 
310 

171 

173 
171 

177 

100.6 
107.0 
107.0 
108.1 
108.6 
100.3 
109.7 
IIO.S 
110.8 
111.1 

801 
868 
361 
964 
366 
366 
967 
966 
960 
9T0 

331.1 
ISS.9 

391.0 
iSl.D 

134.7 
1X6.6 

tat.t 

UT.l 
UB.I 
II39.0 

11B.« 
11B.4 
I19.I 
146.4 
141.1 
141.1 
iU.I 
lU.i 
IW.1 

SI 

ss 

u 

S4 
IS 

36 
S7 

M 

■e 

40 

36.1 
3T.I 

38.0 
38.8 
39.T 

M.a 

11.4 
».8 
U   1 

u.g 

10.4 
17.0 
17.S 
18.0 
16. S 
19.1 
19.D 
30.1 
80.7 
31.3 

91 
93 

et 

94 

06 
00 

or 

06 
91 

78 
TB 
7B 
BO 
61 
61 
81 
84 
84 

4B 
46 
49 

63 
61 

161 
ISS 
161 

164 

160 
167 

16S 
160 

138 
118 
119 
110 
111 
US 
III 
114 
114 
116 

80 
BO 
Bl 
81 
88 
89 
81 
81 
84 
84 

311 
313 
111 

314 
316 

810 
317 

310 

930 

I7B 
179 
180 
181 

181 
184 
184 
1S6 
186 

HI  .8 
118.1 
118.0 
111.4 
111.6 
114.6 
115.0 
115.5 
110.1 

iie.s 

9T9 

971 
9T4 
STS 
376 
877 
STB 
370 
98<^ 

IW.B 
130.7 
131.6 
133.4 
US. I 
184.1 
134.0 
3U.8 

ne.a 
UT.l 

I4I.< 
144.1 
144.1 

I45;7 
140.1 
140.8 
147.1 
l4T.i 
148.' 

43 
4) 

44 

4S 

46 
47 
4B 
40 
SO 

U.B 
iG.g 

16.6 
■T.t 

t8.3 
(0.1 
10.0 
40.7 
41.0 
42.4 

31.7 
33.6 

33.B 
8S.1 
91.8 

94.4 

94.9 
9S.4 
98.0 
90.6 

101 

10! 
104 
106 
100 

107 
106 

111 

86 
86 
87 
88 
80 
80 
00 
91 
93 
96 

31 
M 

M 

64 

67 
G7 

161 
183 
101 
164 
106 
100 
167 
168 

lU 
117 
IIS 
119 
119 
140 
141 
US 
141 
144 

86 
8S 

8< 
8< 

8T 
88 
88 

89 
00 

831 
333 

m 

334 
336 
330 

tn 

338 
836 
310 

BT 
IBB 
IBO 
100 
196 

z 

106 

117. 1 
I1T.6 
118.9 
IIB.T 
110.9 
IIO.B 
130.1 

lao.B 

ISI.4 
131 .0 

881 

U8.1 

MO.I 

ito.o 

140.8 
341. T 
I4S.6 
241.4 
I44.S 
145.1 
145.9 

146.! 
146.4 
160.« 
1S6.5 
151.0 
151.6 
U3.1 
ISS.O 
1ES.1 
liS.T 

SI 

ss 

M 

S4 
U 

66 
«T 
66 
59 

41.1 

44.1 
44. B 
4S.S 
40.0 
47.4 
46.1 
49.3 
60.0 
60.9 

3T.0 
2T.6 
38.1 
38.8 

30.7 
10.3 
10.7 
11.1 

■l.B 

ii: 
111 

114 

116 
110 
117 

lis 
no 

130 

W 
96 
96 
96 
97 
98 
09 
100 
100 
101 

58 
69 
69 
00 
60 
61 
61 
63 
61 
01 

171 
173 
ITl 
1T4 

ITT 
ITS 
IT9 
180 

I4S 
141 
140 
147 

UO 

!m 
!" 
153 

8 

e 

00 
01 
01 
OS 
OS 
91 
01 
04 
04 
06 

311 
313 
311 
3S4 
816 

SIT 

118 
139 
340 

106 
106 
lOT 
108 
100 

133.4 

las.o 

131.5 
134.0 

IS4.6 
125.1 
125.6 
126.1 
tSM.T 
12T.S 

aw 

30T 
398 
SQO 
100 

MO. 8 
I4T.6 
148.6 
140.1 
150.3 
141.0 
151.0 

351-0 

354.4 

164.1 
IS4.J 

1SS.I 

ill 

IST.4 

15T.« 
168. 4 
159.1 

)ut 

Dtp. 

LaL 

Diit. 

1J«P. 

LW. 

Din. 

D.P. 

Lu. 

Diit 

Dtp. 

LiU. 

Dut 

Dq.. 

L»l. 

For  38  Degree*        | 

TABLE  U. 

48 

Dlfiennm  of  Latitude  nni  Depart 

lire  far  33  Oegreck 

LU 

Dep. 

jDbt 

L«, 

D.p.    DUL 

Lai. 

Dq,. 

DUL 

^ 

B^ 

Mit 

L>t. 

Dei 

"wT 

"ool 

Mi 

51.9 

13.1     191 

ioTs 

61.0 

181 

IsTi 

^O 

141 

»9.i 

131 

•1. 

01.1 

69 

Sl.O 

•S.8     119 

109 

06.4 

189 

151 

0 

90 

143 

m.o 

131 

01. 

01.6 

6S 

SI. 8 

S4.S     193 

101 

67. 0 

181 

ISS 

99 

941 

WS.8 

IS! 

OS. 

09. S 

64 

SS.T 

S4.9     194 

104 

67.5 

184 

154 

I0« 

944 

HM.O 

131 

04. 

OS.T 

6S 

54. S 

85.4     195 

104 

es.i 

185 

Its 

I0« 

946 

90S.S 

ns 

OS. 

OS  .3 

66 

E5.4 

85.9     196 

IOC 

es.fl 

186 

IE6 

101 

946 

306.9 

134 

OS. 

OS  .8 

67 

50.1 

SO. 5     tST 

106 

60.9 

187 

156 

101 

847 

107.9 

134 

oe. 

01.4 

69 

ST.O 

57.0     198 

107 

60.7 

188 

18T 

109 

848 

308.0 

ISS 

07. 

04.0 

69 

5T.0 

S7.6     190 

loe 

78. S 

180 

15B 

109 

840 

306.8 

ISS 

1< 

06. 

OS  .4 

70 

B8,T 

18.1      130 

109 

70.8 

100 

ISO 

101 

ISO 

309.7 

ISO 

00. 

oa.o 

71 

so.s 

SB. 7     lai 

TEi 

101 

tsr 

m 

ui 

sTiM 

iM 

10. 

oa.E 

79 

60.4 

19.3     132 

71.9 

191 

161 

lot 

869 

Sll.S 

137 

10. 

07.1 

73 

01.! 

S9.8     ISl 

71.4 

193 

161 

lOS 

863 

313.8 

1>7 

u 

II. 

07.0 

74 

69.1 

40.1     1S4 

119 

71.0 

194 

162 

ios 

8S4 

lis.o 

Its 

IS 

11. 

08.8 

75 

«i.g 

40.8     115 

7S.5 

lOS 

I6S 

106 

ISS 

21S.9 

IM 

IS. 

08.7 

76 

68.7 

41.4     ISO 

114 

74.1 

106 

161 

106 

1S6 

214.7 

119 

14. 

og.s 

77 

04.0 

41.0     1S7 

74.0 

197 

165 

lOT 

8ST 

9IS.E 

140 

13. 

09.8 

761 

06.4 

49. S     1S8 

lis 

75. 2 

196 

160 

lOT 

959 

116.4 

140 

1» 

IE. 

lO.S 

7^ 

06.3 

41.0     139 

7S.7 

100 

leo 

IOS 

950 

HIT.  2 

141 

90 

16. 

10.0 

M 

07.1 

43,6     140 

117 

70.1 

900 

167 

108 

960 

118.1 

141 

31 

^t7 

11.4 

67.0 

1*1     141 

118 

70.8 

901 

166 

100 

lei 

ns.s 

148 

21 

18. 

11. 0 

a^ 

68.8 

44.7     149 

119 

7T.S 

209 

160 

110 

183 

119.7 

148 

St 

19. 

IS.S 

8t 

69.0 

45.2     14t 

119 

77.0 

201 

170 

110 

881 

310.6 

la 

S4 

11. 1 

84 

70.4 

45.7     144 

110 

78.4 

104 

171 

111 

364 

311.4 

I4S 

2S 

11. 

IS.C 

86 

71.1 

40.3     145 

121 

70.0 

105 

171 

111 

SOS 

m.ii 

144 

20 

ai. 

14.1 

86 

72.1 

46.8     140 

122 

79.5 

206 

1T2 

111 

966 

tit. I 

144 

«T 

M. 

14.7 

87 

Tl.O 

47.4     147 

123 

80.1 

207 

ITS 

111 

367 

391.9 

14S 

1» 

». 

IS. 2 

88 

T3.B 

47.0     148 

114 

80.0 

208 

174 

113 

968 

334.8 

146 

>g 

14. 

K.e 

89 

T4.6 

46. S     140 

125 

81 .2 

909 

ITS 

lis 

369 

335.6 

146 

-?!! 

IS. 

lO.l 

00 

T5.S 

49.0     160 

195 

81.7 

910 

176 

114 

970 

M6.4 

147 

11 

"iT 

"^is:* 

01 

76.3 

49.6   TsT 

120 

89.1 

911 

17T 

114 

871 

39T.S 

Uf 

«^ 

18. 

17.4 

09 

77.1 

SO.]      152 

IIT 

81.8 

919 

177 

lis 

978 

128.1 

148 

u 

IT. 

18.0 

78.0 

50.7     153 

128 

8S.1 

9M 

178 

116 

271 

199.0 

146 

M 

18. 

le.s 

94 

78. B 

51.1     IS4 

129 

81.9 

914 

170 

lie 

9T4 

199.8 

149 

w 

IS. 

10.1 

» 

79. T 

51.7     155 

ISO 

84.4 

915 

180 

IIT 

175 

3S0.6 

149 

ss 

10. 

10.6 

96 

80.5 

52.3     ISO 

110 

86.0 

916 

181 

HT 

1T6 

111.5 

ISO 

IT 

)l. 

ao.i 

97 

81.4 

62.8     167 

111 

86.6 

a  17 

182 

118 

2T7 

3S9.S 

160 

>e 

)I. 

10.7 

98 

82.2 

51.4     168 

133 

918 

189 

118 

378 

3SS.S 

151 

n 

ts. 

11.1 

99 

81.0 

63 .0     169 

111 

219 

183 

119 

870 

IM.O 

153 

40 

ts. 

11. s 

100 

81.9 

54. 5     100 

1S4 

220 

184 

119 

880 

1S4.8 

1S3 

"« 

uT 

n.s 

84.7 

5S.0     101 

lis 

"8tT7 

221 

IBS 

120 

881 

315.7 

1S3 

41 

ss. 

M.O 

101 

86  .E 

55.0     109 

135 

88.1 

222 

ISO 

120 

881 

810.5 

ISl 

41 

S6. 

93.4 

IDS 

U.4 

50.1      161 

130 

88.8 

293 

IBT 

121 

383 

U7.t 

1S4 

44 

t6. 

24.0 

104 

8T.2 

50.6     104 

137 

89.3 

294 

IBT 

118 

864 

2t8.3 

154 

U 

105 

88.1 

5T.1     105 

118 

89.9 

295 

IBS 

129 

985 

319.0 

1S5 

4« 

■8. 

SE.l 

loa 

88.9 

6T.T     106 

[19 

90.4 

996 

169 

12S 

3Be 

1S9.0 

155 

S9. 

SS.6 

lOT 

80.7 

68.3     107 

140 

91  .p 

217 

100 

lis 

287 

340.7 

lt6 

48 

40. 

».l 

108 

90. 6 

68. 8     108 

140 

918 

191 

184 

SSI 

341 .5 

156 

80, 7 

108 

01.4 

5D.4     109 

141 

92!o 

939 

199 

114 

148.4 

1ST 

41. 

27.1 

110 

99.1 

GD.D     170 

142 

92.0 

3S0 

108 

lis 

SOI 

34S.9 

1ST 

"71 

41. 

2T.(t 

93.1 

60. S     171 

143 

93.1 

9SI 

101 

19S 

891 

344.1 

ISS 

IS 

4S. 

28.t 

112 

93.9 

61.0     1T9 

144 

93.7 

938 

194 

IH 

898 

844.9 

ISO 

«a 

18.0 

113 

94.8 

61.5     171 

I4S 

04.2 

93S 

196 

190 

SOS 

845.7 

150 

C4 

19.4 

114 

95.0 

01.1      IT4 

I4S 

94.8 

8S4 

IBO 

127 

SM 

840.S 

160 

(S 

46. 

10.0 

lis 

96.4 

02.6     ITS 

146 

9S.S 

8SS 

197 

198 

806 

347.4 

100 

56 

47. 

10. S 

116 

97,5 

61.9     176 

!47 

os.o 

ISO 

197 

198 

806 

348.8 

161 

ST 

47. 

tl.O 

117 

98.1 

61.7     177 

148 

90.4 

9S7 

198 

119 

907 

349.1 

101 

se 

48. 

SI  .6 

lie 

09.0 

64.1     17B 

149 

06.0 

938 

190 

■SO 

896 

840.9 

161 

ES 

49. 

Sl.l 

119 

99.8 

64.8     170 

150 

07.5 

930 

MO 

ISO 

SBO 

350.8 

168 

60 

SO. 

tl.T 

ISO 

100.0 

66.4     IBO 

151 

98.0 

240 

EOl 

130 

100 

351.6 

163 

Dift 

D^i. 

ut 

Dtat 

I>T. 

Ltt.    Diit. 

D^ 

LU. 

Dot 

D^ 

LU. 

DM. 

Dep^ 

Li 

_ 





^^ 

^^^^ 

, 

S 

_ 

_ 

^ee» 

F — 

TABLE  U. 

m. 

ILM. 

Dep. 

DUt|L«.|D.^ 

Hit. 

uT 

Dep. 

K^ 

UtlDep. 

DtttlLn 

Dq-. 

"Ml 

oo.e 

0 

1  BO.Oi   »4. 

Tai 

100.1 

87 .7 

181 

ISO. 

101.8 

841190 

0U4l| 

01.7 

01. 

es|  SI.4|  14.7 

laatioi.i 

S8.1 

iBaliso. 

101 .8 

aiu.i| 

oa.s 

01. T 

81 

sa.a;  as.i 

lai 

I98.M  08.8 

181 

ISI. 

108.1 

SIU. 

M.l 

09.1 

« 

BS. 

■B.e 

184 

loa.aj  00.1 

184 

158. 

108.0 

844 

9*8. 

SlIC. 

04.1 

oa.e 

N 

SI. 

as.i 

lis 

101. s 

09.9 

185 

1GS.1 

108. S 

841 

909. 

1U7. 

os.o 

n.4 

oe 

■4. 

as.t 

180 

104.5 

70.5 

180 

1S4.1 

104.0 

84i|8H 

IW. 

os.e 

Ol.S 

«7 

SS.J 

ir.s 

187 

105.1 

71.0 

18T 

ISS.d 

104.6 

S47 

804 

118. 

00.0 

M.S 

«e 

so. 

18.0 

188 

lOO.l 

ri.s 

188 

155  .t 

106.1 

8481805 

ISS. 

OT.t 

OS.O 

o« 

ST.] 

ss.e 

ISO 

106.9 

78.1 

189 

IIO.I 

I0S.7 

uSxs. 

IN. 

11 

00. 1 

05.0 

TO 

B8.C 

19^1 

110 

107.8 

79.7 

lOD 

I6T.S 

100. a 

ssijaoT. 

IN. 

00.1 

oe.a 

71 

S8.g 

19.7 

111 

lOB.O 

TS.I 

191 

1S8.1 

lOO.B 

851 

aSe: 

M.4 

OO.ft 

06.7 

79 

S9.7 

40.1 

iia 

109.4 

71. B 

199 

159. 1 

I0T.4 

SSS 

aos. 

140.1 

lo.a 

•r.i 

71 

eo.s 

40.8 

lu 

IIO.l 

74.4 

191 

160.0 

lOT.O 

SSS 

>oe. 

141 .1 

11.0 

DT.8 

74 

81  .■ 

41.4 

114 

lU.l 

74.0 

104 

160.8 

108. S 

8S4|>10. 

141.5 

M.4 

08.4 

TS 

8>.a 

41.0 

IIS 

111.0 

76.5 

106 

181  .T 

109.0 

assiii. 

I41.« 

II 

is.s 

08.B 

78 

Sl.O 

4a.s 

110 

111. 7 

TS.I 

190 

109 .5 

109.6 

ssosia. 

141.1 

IT 

U.I 

oo.a 

77 

01.8 

4S.I 

117 

111.0 

70.6 

197 

108.1 

uo.a 

sstIsis. 

I41.T 

IB 

14.S 

10.1 

78 

04.7 

41.8 

118 

114.4 

7T.8 

108 

IS4.I 

IIO.T 

SSi 

118. 

144.1 

tl 

IS.B 

10.0 

79 

os.s 

44.8 

110 

lis  .a 

n.T 

199 

ISS.O 

III.S 

ssg 

■14. 

144.1 

10.0 

u.a 

80 

00.1 

44  .T 

140 

llfl.l 

78.8 

aoo 

I6S.S 

111.8 

900 

lis. 

\f^ 

In 

17.4 

"ITt 

-bJ 

sn 

4S.1 

"I4I 

iio:? 

7B.8 

Mi 

ioO 

liari 

901 

lis: 

iiM 

» 

i8.a 

la.i 

aa 

08.0 

4S.9 

148 

IIT.T 

79. 4 

809 

lOT.S 

III.O 

109 

«T. 

I40.C 

n 

lO.I 

la. 9 

SI 

08.8 

40.4 

141 

II8.0 

SO.O 

•01 

186.8 

11I.S 

ass 

MB. 

NT.: 

M    19M 

IS. 4 

84 

oo.a 

47.0 

144 

110.4 

SO.S 

804 

180.1 

m.l 

884 

118. 

I4T..  1 

at 

ao.T 

14.0 

8S 

70. S 

47.5 

146 

iio.a 

Sl.l 

106 

ITO.OI 

114.0 

966 

110. 

148.! 

90 

ai.o 

14. S 

80 

71.1 

46.1 

140 

lai.o 

81.0 

aoo 

170.8 

iis.a 

900 

no. 

148.; 
140.1 

K 

aa.4 

U.I 

87 

78.1 

48.0 

147 

iai.9 

88.8 

SOT 

ITI.0 

IIS.S 

ser 

m. 

aa 

as  .a 

IS.T 

88 

71.0 

49.8 

148 

SS.T 

88.8 

aoB 

IT8.4 

110.8 

968 

na. 

I4t.l 

ae 

84.0 

10.9 

89 

71.8 

4B.8 

149 

181. S 

BI.I 

B1.9 

809 

ITS.S 

IIS.O 

860 

aai. 

ISO.. 

10 

a4.9 

10.8 

00 

T4.8 

SO.l 

ISO 

84.4 

810 

m.l 

11T.4 

870 

881. 

ISl.S 

~ii 

as  .7 

IT.t 

Ti.4 

"sO 

161 

95.1 

84.4 

-«! 

74. 9 

18.0 

sti 

S«7 

ltl.l 

If 

ao.s 

17.9 

09 

Tfl.l 

51.4 

158 

86.0 

sa.o 

Ill 

75 .8 

118.6 

sra 

SSS. 

■Sl.l 

u 

tT.4 

18. S 

91 

77.1 

59.0 

ISt 

30.8 

BS.6 

au 

70.0 

119.1 

sts 

SM. 

151.7 

u 

as.a 

10.0 

94 

77.9 

sa.e 

IS4 

87. T 

Bfl.I 

114 

77.4 

1I9.T 

874 

887. 

u 

t>.0 

19.0 

OS 

78.8 

51.1 

88.6 

B6.T 

115 

78.8 

lao.j 

876 

aas.t 

iStJ 

H 

t>.B 

ao.i 

90 

70.0 

Sl.T 

160 

80.1 

BT.a 

816 

TO.l 

lao.B 

are 

IM.i 

1M.I 

ST 

10. T 

ao.7 

9T 

80.4 

S4.1 

IS7 

10.1 

B7.B 

IIT 

70.0 

181.1 

877 

sw.e 

154.1 

■S 

11  .S 

ai.9 

98 

BI.I 

S4.B 

IS8 

Sl.O 

88.4 

aiB 

80.7 

I8I.0 

878 

BU.6 

166 .5 

■« 

la.i 

ai.8 

99 

sa.i 

SS.4 

159 

11.8 

88.9 

819 

81.0 

183.5 

879 

ni.i 

tSC.( 

40 

u.a 

98.4 

100 

sa.9 

B5.0 

100 

■8.0 

80  .S 

S90 

88.4 

m.o 

880 

na.i 

156.1 

41 

u.o 

aa.9 

~m 

SI. 7 

SS.S 

161 

11.5 

90.0 

sai 

81.1 

181.4 

»I 

uTo 

iSTi 

4a 

14.8 

as.s 

101 

S4.0 

57.0 

161 

14.1 

90.S 

888 

84.0 

194. 1 

SM 

tU.8 

IST.T 

4S 

IS.O 

a4.D 

lot 

8S.4 

B7.e 

161 

ts.i 

91.1 

881 

84.0 

84.7 

sst 

114.0 

IS8.I 

te.s 

84.0 

104 

80.a 

18,1 

104 

10.0 

91.7 

894 

85.7 

186.8 

S84 

ISS.4 

158.1 

46 

S7.S 

as.i 

100 

87.0 

SB. 7 

les 

10.8 

es.i 

886 

SO.S 

SS.S 

SSS 

tu.s 

ISO.. 

40 

■8.1 

as.7 

100 

87.0 

SO.l 

160 

IT. 6 

99.8 

aao 

sr.4 

96.4 

S8« 

l>7.1 

159.1 

47 

S0.4 

aa.a 

lOT 

88.7 

SO.B 

107 

18.4 

M.4 

887 

88.8 

SO.S 

S87 

ttT.OI 

180.5 

48 

19.  e 

80.8 

108 

80.S 

00.4 

168 

SO.l 

»■.» 

80.0 

187  .* 

SSS 

iM.e 

181.(1 

«g 

40.0 

87.4 

109 

90.4 

01.0 

160 

40.1 

»4.B 

999 

89.8 

aa.i 

SSS 

m.o 

101.1 

so 

41  .S 

ae.o 

110 

91  .a 

Ol.S 

170 

4D.9 

96.1 

810 

90  .r 

88.0 

SM 

U0.4 

101. 

SI 

^Ti 

111 

98.0 

oa.i 

171 

41.8 

9S.0 

811 

01.6 

89.a 

891 

141.9 

mTi 

sa 

41.1 

aoii 

119 

08.S 

M.S 

178 

48.0 

90.9 

818 

98. S 

89.7 

891 

Ma. I 

lOt.l 

ss 

48.11 

Kt.fl 

111 

00.7 

01. J 

171 

41.4 

90.7 

au 

9i.a 

10.1 

891 

ua.o 

isi.a 

S4 

44.8 

SO.l 

114 

M.S 

oa.T 

IT4 

44.1 

or.a 

814 

04.0 

M.O 

141.7 

164.' 

SS 

4S.t 

SO.B 

IIS 

9S.1 

04.1 

175 

07.9 

ass 

94.B 

11.4 

(44 .0 

!«.< 

so 

40.4 

Sl.S 

110 

9fl.a 

04.9 

170 

45  lo 

08.4 

ass 

96.7 

■8.0 

145.4 

16S.1 

JT 

4T.1 

11.0 

IIT 

97.0 

85.1 

177 

4fl.T 

90.0 

aiT 

90.5 

■8.5 

S07 

M6.1 

100.1 

se 

48.1 

S8.4 

118 

97.8 

00.0 

178 

47.6 

99.5 

aiB 

97.8 

U.I 

SOS 

147.1 

100.6 

sg 

«s.a 

Sl.O 

110 

08.7 

00.6 

179 

48.4 

00.1 

819 

08.1 

n.t 

aoo 

uT.e 

8T.I 

00 

49.T 

u.o 

lao 

99.S 

67.1 

180 

49.8 

840 

99.0 

■4.8 

100 

t48.T 

lOT.j 

DU 

Dep. 

LU. 

Dkt 

Dep.    LM.{ 

DtotT 

^\ 

Lat    JiMif 

D^ 

IM. 

DiM 

Dtp. 

Lit 

For  06  Degree*       | 

b,  Google 


b,  Google 


D,s.i,:.db,  Google 


b,  Google 


b,  Google 


b,  Google 


b,  Google 


fiO 

TABLE  U.                                                 1 

DtSerew»  of  Utitndc  ud  D^utnn  for  34  XfegnM.                  1 

DM 

IM. 

Dtp. 

Ut.    Dq>. 

DbC 

LaL 

Dq. 

Dit 

Lu. 

Dep. 

DU 

Ltf. 

M 

1 
1 

oo.s 

00.4 

' 

SO.O    14.1 

IF 

iool 

67.7 

IT 

ISO. 

ioTi 

'U 

100.B|114.a 

01.7 

01.1 

a 

■1.4   »4.T 

m 

101.1 

00.1 

181 

1S0.9 

101.8 

141 

8M.I  m.a 

1 

oi.g 

01  .T 

"■ 

61. 8   U.1 

181 

109. « 

•8.8 

IB) 

1S1.7 

I08,S 

S4I 

Nt.lllt.tl 

4 

OS.I 

n.i 

04 

SI. 

SS.6 

114 

toi.e 

09.1 

1S4 

1S8.3 

IOt.9 

844 

8M.l|l)6.4| 

S 

04. 

01.8 

OS 

SS.S 

•O.S 

lit 

10)  .0 

•9.9 

IW 

IS1.4 

M.S 

841 

mt. 

W.I 

e 

os.o 

et.4 

06 

S4.T 

•0.0 

IM 

104.5 

TO  .6 

186 

1S4.1 

104.0 

844 

8u.a 

117.1 

7 

OS  .8 

01.0 

67 

SS.i 

IT.S 

197 

105.1 

71. 0 

187 

ISS.O 

104.0 

847 

8M.8 

1)8.1 

B 

D«.e 

04.S 

SS 

50.4 

18.0 

198 

106.1 

71.6 

188 

ISS.O 

lOS.I 

841 

805.6 

1(8.1 

9 

0T.S 

oa.o 

ao 

67.1 

18.6 

IID 

106.0 

79.1 

180 

1S6.T 

1*6.7 

941 

■00.4 

in.; 

to 

w.* 

OS  .8 

70 

■8.0 

19.1 

no 

107.8 

79.7 

190 

IST.S 

100.8 

8M 

107.) 

1MI.I 

-091 

0«.l 

Tl 

66. 0 

19.7 

111 

108.6 

1)1 

-ioi 

158.1 

100.8 

-151 

808.1 

iio: 

11 

•0.0 

oo.r 

71 

60.7 

<0.l 

111 

109.4 

71.6 

101 

169.9 

107.4 

Ml 

808.0 

140.1 

» 

10.8 

07.1 

T> 

«.6 

40.8 

lit 

UO.I 

74.4 

191 

160.0 

107.0 

161 

M9.7 

141.1 

14 

It 

11. « 

11.4 

07.8 
08.4 

74 

TS 

01  .S 
68.8 

41.4 
41.0 

1)4 

111.1 

74.0 
75.5 

194 

19S 

160.8 
161 .7 

108. S 

too.o 

964 

SOS 

■10.6 
■11.4 

IU.I 

141.1 

M 

III.O 

16 

11. 1 

08.01 

70 

61.0 

41.S 

ito 

II3.7 

78.1 

IM 

169. S 

100.0 

166 

■11.8 

IU.I 

IT 

U.l 

OO.S 

TT 

(Q.8 

41. 1 

IS7 

11)  .6 

76.0 

107 

lOI.I 

IIO.S 

157 

IIS.I 

la.i 

18 

14  .B 

10.1 

78 

04.7 

41.0 

11» 

114.4 

77.1 

loe 

104.1 

110.7 

168 

811.0 

144.1 

ig 

IS.» 

10.0 

70 

09  .S 

44.1 

1801 

116.1 

7T.T 

ISOI 

106.0 

in  .8 

ISO 

814. T 

144.1 

» 

le.a 

11.8 

80 

ee.s 

44.7 

140 

116.1 

78.1 

MOl 

166.8 

llt.B 

96* 

■IS. 6 

I45.< 

iiTi 

11 

TO 

81 

-WTi 

4S.I 

141 

iMTa 

78.8 

Mi 

160.6 

119.4 

Ml 

iiel 

n 

18.S 

11  !i 

88 

68.0 

4S.0 

148 

117.7 

70.4 

Ml 

107.5 

IIS.O 

sas 

■IT.8 

146.5 

IS 

10.1 

Il.O 

8S 

68.8 

46.4 

141 

II8.0 

80.0 

M) 

168.1 

111.6 

M« 

■IB.) 

147.1 

u 

10.0 

11.4 

84 

60.6 

47.0 

144 

iie.4 

80.6 

M4 

100. 1 

lU.I 

104 

■18.1 

I4T.I 

9S 

».7 

14.0 

8S 

70. S 

4T.a 

145 

190.8 

61.1 

MS 

170.0 

1U.6 

MO 

110.7 

I4B.: 

90 

ti.d 

14.S 

S6 

71.1 

48.1 

140 

111.0 

81.8 

906 

no. 8 

lis. 8 

166 

8M.S| 

I4S.I 

ar 

11.4 

87 

79.1 

48.0 

14T 

191.9 

68.8 

907 

171.6 

IIS.S 

9« 

191.4 

140.1 

18 

n.i 

IB  .7 

88 

71.0 

40.8 

146 

111.7 

88.8 

908 

171.4 

116.1 

168 

m.l 

140.1 

le 

14.0 

IS.) 

80 

71.8 

40.8 

140 

131. S 

89.) 

900 

17).) 

116.0 

M9 

tn.D 

150,: 

10 

14.0 

ie.8 

» 

74.6 

SO.I 

ISO 

114.4 

81.0 

910 

174.1 

117.4 

170 

nt.8 

iSi. 

as.T 

17.1 

111 

T6.4 

SO.O 

151 

196.1 

84.4 

"in 

174.0 

118.0 

971 

S4l 

TiTl 

SI 

M.S 

IT.l 

08 

76.1 

SI  .4 

158 

IM.O 

85.0 

111 

175.8 

1I8.S 

971 

m.c 

151.1 

u 

tr.4 

18. S 

n 

77.1 

58.0 

IS) 

116.8 

65.6 

81) 

176.0 

110. 1 

871 

■M.l 

111.7 

u 

M.l 

10.0 

04 

77.0 

58.0 

154 

197.7 

66.1 

314 

177.4 

119.7 

874 

817.1 

IM.; 

u 

M.O 

10.0 

06 

78.8 

51.1 

156 

118.6 

86.T 

815 

178.9 

1M.9 

876 

■M.O 

isi.e 

S6 

M.e 

M.l 

H 

70.0 

51.7 

156 

119.1 

sr.i 

BIO 

170.1 

1M.8 

876 

IM.8 

164.1 

« 

».7 

M.7 

07 

80.4 

54.8 

IS? 

110.1 

8T.B 

8IT 

179.S 

■Il.O 

8T7 

Ino.o 

U4.I 

■8 

■I.B 

U.l 

n 

81.8 

S4.8 

1S8 

Ul.O 

88.4 

lie 

169.7 

111.0 

178 

3M.6 

tt.f 

M 

M.l 

11.8 

00 

81.1 

SS.4 

ISO 

III  .8 

88.0 

910 

161.6 

191.6 

8T9 

Ml.) 

t6.( 

» 

11 .1 

11.4 

100 

88.0 

SS.9 

100 

111. 6 

89.6 

1S1.4 

IM.O 

MO 

9)9.1 

56.1 

■4.0 

M.O 

loT 

81.7 

SO. 5 

161 

13)  .S 

90.0 

111 

18S.9 

IM.O 

181 

iM.l 

67.1 

14.8 

n.t 

10] 

84.6 

S7.0 

163 

1)4.) 

00.0 

m 

184.0 

1S4.I 

181 

Di.e 

6T.T 

41 

is,e 

u.e 

101 

BS.4 

67.0 

161 

1)5.1 

01.1 

m 

184.0 

194.7 

■81 

194.6 

6S.I 

44 

M.S 

14.6 

104 

U.8 

58.8 

104 

1)8,0 

01.7 

IM 

IBS  .7 

186.1 

184 

9U.4 

5g.e 

40 

ir.i 

IS  .8 

lOS 

87.0 

58.7 

105 

1M,6 

08.) 

US 

IB6.B 

i».e 

886 

9)6.1 

5«. 

48 

IB.l 

IS  .7 

100 

87.0 

50.1 

166 

1)7.6 

08.6 

890 

187.4 

1M.4 

866 

M7.I 

60.1 

4T 

10.0 

M.S 

lor 

88.7 

50. 8 

107 

1)6.4 

01.4 

m 

186. 9 

iM.g 

187 

UT.O 

60.i 

46 

10.8 

M.S 

106 

80.5 

00.4 

168 

1)0.S 

09.0 

898 

189.0 

197.6 

m.B 

Ol.l 

4g 

40.0 

87.4 

100 

00.4 

61.0 

160 

140.1 

94.S 

280 

89.8 

IM.I 

■80 

810.6 

61. 

so 

41  .S 

M.O 

110 

01 .1 

61.5 

170 

40.0 

05.1 

ISO 

IM.T 

M.0 

906 

■40.4 

•1. 

SI 

liTi 

18.5 

09.0 

61.1 

171 

141.8 

-m 

ioTs 

-Ml 

901 

■41.1 

6I.T 

S8 

41.1 

80.1 

111 

09.0 

68.6 

171 

148.6 

Oflll 

9)8 

109.1 

90.7 

909 

Ul.I 

61. 

SI 

40.0 

89.6 

lis 

M.l 

61.3 

171 

141.4 

M.T 

!>■ 

01.9 

SO.* 

90) 

■41.0 

61.1 

S4 

44.8 

10.8 

114 

M.S 

6S.7 

174 

44.1 

97.1 

8*4 

104.0 

M.O 

904 

141.7 

64. 

ss 

4s.a 

SO. 8 

lis 

05.1 

04.1 

175 

97.0 

Mi 

104.6 

11.4 

995 

■44.6 

05.1 

ss 

4«.4 

11. 1 

116 

96.1 

64.9 

176 

144  !e 

08.4 

1)6 

I0S.7 

19.0 

990 

145.4 

es.6 

ST 

47.1 

■1.0 

117 

97.0 

05.4 

177 

40.7 

00.0 

1)T 

oe.s 

19.5 

997 

UO.I 

86.1 

68 

48.1 

■8.4 

118 

97. B 

oe.o 

178 

UT.O 

00.5 

1)6 

I9T.9 

11.1 

898 

147.1 

ee.< 

SO 

48.S 

Il.O 

110 

08.T 

06.5 

170 

48.4 

00.1 

108. 1 

11.0 

990 

147. 0 

or.) 

00 

40.7 

■■.6 

130 

OO.S 

07.1 

ISO 

40.8 

00.7 

140 

o».o 

14.9 

806 

148.7 

67  .E 

Din. 

D^ 

Ul 

DM. 

Dep. 

LM. 

DIM 

Dep. 

Ut. 

Dut 

Dtp. 

Lat. 

DiM, 

Dq). 

Ltf. 

For  66  DoKTCM.       11 

b,  Google 


b,  Google 


■ 

TABLE  II. 

fil 

DiAnnM  of  Utitmit  and  D«p«t 

nrelbrSS 

Degraeo. 

Diit. 

lA 

D^>. 

Dfat 

Ut. 

D^l|Df«^ 

Lm. 

D^ 

Sa 

LU. 

D^ 

DM. 

UL 

Dep. 

1 

•o.» 

M.6 

~n 

mTo 

wt^ 

"ftoTi 

181 

uTs 

IM.S 

"141 

Fftfl 

mTs 

* 

•I.B 

01.1 

•1 

50.8 

■5 

6 

111 

00.9 

78 

189 

140.1 

104.4 

941 

108.9 

IS8.i 

1 

•9.5 

01.7 

«■ 

51.8 

>0 

I 

Its 

100.8 

70 

5 

181 

140.9 

105.0 

94S 

199.1 

isg.1 

4 

«S.» 

oaj 

.>« 

59.4 

M 

7 

114 

101.0 

71 

I 

1S4 

150.7 

105.5 

944 

199.0 

140. 0 

S 

04.1 

oa.D 

05 

58.9 

IT 

1 

115 

109.4 

71 

ISS 

151.5 

106.1 

946 

300.7 

140.5 

« 

IM.ft 

0).4 

68 

54.1 

17 

9 

116 

109.9 

79 

■ 

ISO 

151.4 

K?:! 

946 

301.5 

141. 

I 

Ofi.T 

04.0 

•7 

54.ft 

18 

4 

117 

104.0 

79 

8 

187 

ISS.) 

94T 

309.S 

141.7 

8 

DA.ft 

04.6 

88 

55.7 

M 

0 

118 

104.0 

71 

4 

188 

154.0 

107.8 

948 

m.l 

143.3 

ft 

or  .4 

05  Jt 

08 

se.s 

■8 

c 

IM 

105.7 

74 

0 

189 

154. B 

108.4 

949 

184.0 

143. £ 

1* 

•e.i 

05.7 

70 
71 

57.1 
58.1 

40 
40 

9 
7 

110 
111 

100.5 
107.1 

74 

6 

T 

190 
191 

I5S.0 

isoTs 

lOO.O 
100.6 

360 

m.s 

■05.6 

143.4 

144.0 

1* 

*0.» 

BS.S 

Tl 

5S.0I 

41 

1 

1U 

108.1 

76 

T 

199 

I6T.S 

110.1 

963 

»6.4 

144.5 

1) 

lO.ft 

07.5 

75 

50.8 

41 

9 

in 

186.0 

70 

■ 

IBS 

158. 1 

no.7 

961 

107.3 

145. 

14 

Il.S 

08.0 

74 

00.8 

41 

4 

lU 

lOft.8 

70 

9 

194 

158.9 

iii.i 

954 

M8.1 

145.7 

U 

l.H 

06.6 

75 

01.4 

41 

0 

115 

llO.fl 

77 

195 

160.7 

111.8 

965 

MS.O 

146.) 

)« 

U.I 

Oft  .9 

76 

Ol.l 

41 

6 

116 

111.4 

78 

0 

106 

160.6 

119.4 

966 

Wft.7 

146.8 

n 

1.9 

Oft.B 

77 

oi.i 

44 

9 

117 

119.3 

TB 

0 

197 

161.4 

IIS.O 

96T 

110.5 

147.4 

i» 

4.T 

Id.! 

78 

01.9 

44 

7 

lis 

119.0 

79 

9 

198 

161« 

U1.6 

958 

111.1 

148.0 

»^ 

ifi.e 

lft.0 

Tft 

04.7 

45 

1 

lie 

lU.B 

79 

T 

iftg 

lei.f 

114.1 

95S 

111.9 

148.C 

» 

1«.4 

11.5 

88 

05.S 

45 

0 

140 

II4.7 

80 

■ 

900 

161.8 

114.7 

960 

Ul.O 

140. 

-« 

If  .9 

TTo 

81 

06.4 

40 

6 

in 

115.5 

60 

0 

MI 

iSTt 

lifil 

^81 

lis.  8 

i«l 

H 

18,8 

19.8 

81 

<7.8 

47 

0 

141 

tlO.l 

81 

909 

166.5 

116.0 

303 

114.6 

150.1 

18.8 

U.9 

Bl 

08.0 

47 

6 

141 

117.1 

89 

0 

901 

106.1 

II6.4 

361 

115.4 

I5O.0 

K 

19.7 

u.e 

n 

08.8 

48 

1 

144 

118.0 

89 

6 

904 

16T.1 

117.0 

901 

IIO.S 

151.4 

as 

98.5 

14. S 

85 

Oft.« 

48 

8 

145 

118.8 

81 

3 

90S 

I6T.9 

111.6 

806 

IIT.I 

159.0 

M 

91.8 

14.9 

at 

TO  .4 

40 

1 

146 

119.8 

81 

7 

906 

168. T 

118.9 

au 

117 .9 

159.0 

ar 

91.1 

15.5 

87 

71.1 

4ft 

ft 

147 

190.4 

84 

■ 

907 

109.0 

118.7 

367 

118.7 

158. 

18 

99.8 

16.1 

88 

79.1 

50 

146 

111.9 

S4 

9 

908 

ITO.  4 

iie.a 

96f 

110.5 

151.; 

ag 

18.8 

18.6 

89 

79.8 

51 

140 

199.1 

85 

5 

909 

in  .9 

110.0 

969 

190.4 

I54.S 

w 

14.8 

IT.9 

M 

79.7 

SI 

ISO 

199.0 

86 

0 

910 

179.0 

130.5 

970 

m.9 

154.0 

"ii 

17.8 

SI 

74 .6 

59 

151 

m:? 

86 

6 

"iT 

1*1.8 

iiO 

"an 

m.D 

166:4 

n 

98.1 

16.4 

09 

76.4 

59 

IS9 

194.5 

87 

9 

919 

ITl.T 

191.0 

199.8 

156. C 

ss 

17.0 

18.0 

08 

70.« 

51 

1 

151 

195  .J 

87 

8 

9IS 

174.6 

139.9 

971 

in  .8 

156.0 

*4 

17.0 

1».5 

04 

77.0 

6S 

0 

154 

116.1 

88 

S 

914 

175.1 

129.7 

974 

114.1 

157. 

■a 

98.r 

90.1 

05 

77.8 

54 

5 

156 

117.0 

88 

0 

lis 

1T6.1 

121.1 

971 

116. ■ 

157.7 

aa 

9ft  .S 

90.6 

90 

78.8 

55 

1 

136 

187.8 

80 

5 

116 

1T6.9 

I3S.9 

no.) 

158.9 

17 

ao.a 

11.8 

ftr 

78.5 

56 

6 

157 

118.0 

00 

917 

ITT. 8 

134.5 

371 

116.9 

158.0 

U 

11.1 

11.8 

•< 

80.1 

SO 

8 

158 

190.4 

00 

6 

318 

ITS. 6 

195.0 

978 

11T.7 

159.0 

■81 

11 .« 

11.4 

•9 

81. 1 

50 

8 

169 

1*0.9 

01 

9 

311 

179.4 

195.6 

379 

1SB.5 

I6O.0 

4ft 

H.8 

ii.g 

100 

81.9 

57 

4 

100 

lU.I 

01 

8 

no 

160.3 

118.9 

380 

lSft.4 

leo.c 

"« 

ta.8 

^j 

loi 

67 

0 

"!« 

iiTo 

«■ 

"am 

181.0 

136,6 

981 

uol 

161.; 

4* 

M.4 

14.1 

109 

81.6 

68 

6 

161 

119.7 

09 

392 

iei.9 

iir.s 

28] 

m.o 

161. 

48 

W.l 

14.7 

loa 

S4.4 

69 

1 

161 

IU.5 

01 

6 

311 

IB9.T 

127. 9 

IBS 

Ul.B 

169. 

44 

H.O 

15.9 

m 

85.1 

60 

7 

164 

114.1 

04 

1 

334 

IBS. 6 

198.5 

9B4 

3»a.6 

169.0 

45 

H.B 

95.8 

105 

86.0 

00 

a 

165 

113.9 

04 

335 

lB4.t 

199.1 

9W 

US  .6 

161. 

40 

IT  .7 

M.4 

108 

86.8 

60 

8 

106 

IM.O 

96 

3 

338 

186.1 

199.6 

)S4.1 

164. 

4T 

U.t 

97.0 

lOT 

87.6 

01 

4 

lOT 

1».B 

05 

a 

317 

186.9 

190J 

981 

186. 1 

164.0 

48 

■9.11 

17.5 

108 

88.5 

01 

0 

108 

m.o 

06 

4 

338 

180.8 

110.8 

98S 

M6.S 
M6.T 

165. 

4« 

W.l 

18.1 

log 

80.1 

89 

6 

109 

118.4 

06 

0 

330 

187.6 

111.1 

981 

165. 

SO 

41.0 

98.7 

110 

00.1 

61 

1 

ITO 

■»•» 

07 

no 

1B8.J 

111.9 

990 

MT.6 

160.3 

SL 

41.8 

"»:i 

It) 

00.9 

6) 

7 

1T1 

uiTi 

-m 

■i 

asi 

iffiTa 

isn 

991 

118.4 

100. 

51 

41.S 

99.8 

lU 

81.7 

64 

1 

ITl 

140-9 

08 

3S3 

190.0 

ISS. I 

993 

110.1 

167.0 

51 

a. 4 

M.4 

ii» 

01.0 

64 

8 

ITl 

141.7 

99 

9 

831 

190 .« 

isa.o 

991 

140.0 

lOB.C 

54 

44.1 

U.O 

114 

00.4 

65 

4 

174 

149.5 

90 

834 

101  .T 

1S4.9 

994 

340.8 

108.0 

Ul 

45.1 

>l.s 

Ilfi 

04.9 

66 

0 

175 

1U.4 

100 

S» 

109.6 

194.8 

996 

341.6 

109. 

Ml 

45  .ft 

M.l 

118 

95 .5 

66 

176 

144.1 

100 

9 

3)6 

IBl.l 

ISS. 4 

996 

149.5 

109. 

iH 

48.7 

U.T 

IIT 

06.8 

67 

177 

145.0 

IDl 

UT 

104.1 

ISS.S 

997 

141.) 

170. 

■ft 

47.8 

U.S 

118 

06.7 

67 

1TB 

I4s.a 

109 

818 

106.0 

110.5 

998 

144.1 

ITO. 

GSI 

48^ 

U.B 

lift 

07.5 

66 

171^ 

146.B 

109 

7 

3S0 

105.8 

117.1 

399 

144.1 

ITl. 

•0 

40.1 

14.4 

190 

98.1 

88 

e 

160 

147.4 

IDS 

9 

140 

leo.t 

11T.7 

■00 

145.7 

173. 

Di*b 

Pep- 

Ut. 

DIM. 

Dqw 

L>L 

Dbt 

Dep. 

Lat. 

Din. 

ih^ 

Lat 

Di«t 

Dep. 

Ut 

For  05  Degree.. 

w 

TABLE  U.                                                 1 

tHA 

Ui. 

D«^ 

Dbt 

LiT 

I»p. 

DM. 

L.L 

D^ 

DM. 

LU. 

D^ 

DM. 

LM. 

o>v 

— [ 

00.8 

00.8 

~n 

"isro 

»4.1 

Til 

100.1 

STi 

Til 

160.1 

101.3 

Mi 

mTt 

114.B 

01. T 

01. 1 

«9 

■1.4 

U.l 

m 

101. 1 

66 

IBS 

160.0 

101.8 

941 

MOA 

136.1 

Ol.S 

01. T 

01 

6I.S 

U.S 

m 

lOS.O 

66 

lU 

161 .7 

lOS.l 

94* 

Ml. I 

llt.l 

•a.a 

OS.l 

04 

61.1 

U.8 

194 

109.8 

09 

184 

169.6 

IOS.S 

144 

soi.i 

IU.4 

04.1 

01.8 

OS 

61.9 

M.» 

lis 

IU.« 

09 

186 

IU.4 

IDO.S 

14« 

901.1 
9M.9 

IS7.4 

00.0 

01.4 

00 

64.7 

■0.0 

190 

t04.S 

70 

186 

IS4.9 

104.0 

140 

l».i 

OS  .8 

O^.S 

•7 

66.6 

ST. 6 

197 

lOS.Ii 

Tl 

187 

I6S.0 

104.8 

147 

904.6 

lU.l 

00.0 

04.6 

0» 

60.4 

18.0 

ISC 

106.1 

71 

■SB 

I6S.0 

lOS.I 

IW 

106.6 

l^S.T 

OT.S 

06.0 

OB 

67.9 

■8.6 

ISO 

106.9 

Tl 

ISO 

160.7 

106. T 

140 

100.4 

lU.I 

10 

oe.s 

OO.fl 

TO 

08.0 

■0.1 

no 

107.8 

Tl 

100 

IS7.S 

106.1 

160 

107.» 

lU.I 

-n 

09.1 

wTi 

~Ti 

S8.9 

89.7 

ISI 

im:6 

71 

191 

iS8l 

IMl 

^ 

Me.i 

I40l 

IS 

00.0 

OO.T 

n 

69.7 

40.1 

191 

100.4 

71 

191 

169.1 

ior.4 

96J 

108.0 

\f,' 

11 

lo.e 

OT.I 

n 

60.6 

40.8 

lU 

llO.t 

74 

191 

100.0 

lor.o 

900.7 

141.6 

14 

11.0 

0T.8 

T4 

6I.*I 

41.4 

114 

lll.l 

74 

104 

100.8 

108.5 

ltO.6 

141.1 

IB 

11.4    08.4 

7S 

OS.t 

41. S 

106 

111.0 

76 

196 

161  .T 

100.0 

■It. 4 

1«9.< 

1« 

11. 1 

08.0 

7fl 

et.oi 

U.6 

IMI 

119.7 

76 

196 

iea.6 

100.6 

111.9 

lU.) 

IT 

14.1 

OD.t 

77 

G3.( 

U.l 

117 

lU.O 

76 

191 

1M.S 

IIO.S 

113.1 

I4t.t 

18 

14. B 

10.1 

78 

04.7 

U.6 

1S8 

114.4 

77 

IBB 

164.1 

110.7 

IU.9 

144.1 

ig 

IS. 8 

10.0 

70 

06.6 

44.1 

119 

IIS  .3 

77 

190 

166.6 

II1.8 

■M.T 

144.1 

M 

16. < 

11.9 

oe.s 

44.7 

140 

116.1 

78 

100 

166.8 

111.8 

IU.6 

W.- 

11 

IT. 4 

11 .7 

~n 

OT.l 

49.1 

141 

Ti6l 

78 

SOI 

1661 

113.4 

sol 

ml 

W.I 

n 

IB.l 

U.l 

BS 

08.0 

46.0 

14S 

117.7 

70 

909 

I6T.6 

IIS.O 

969 

■IT.l 

I40.i 

n 

IS.l 

11.0 

81 

08.8 

46.4 

141 

118.6 

80 

901 

166.9 

lU.S 

961 

918.0 

147.1 

t4 

10. P 

It  .4 

84 

00.0 

47.0 

144 

110.4 

80 

104 

160.1 

114.1 

964 

118.9 

I4T.4 

U 

».T 

U.O 

8S 

70.6 

4r.6 

146 

I90.S 

81 

106 

170.0 

114.6 

966 

110.7 

148.1 

se 

11.(1 

14  .B 

80 

71 .1 

48.1 

146 

191.0 

81 

MO 

170.8 

116.3 

966 

»0.6 

148  .T 

97 

11.4 

IS.l 

87 

71.1 

48.0 

147 

111.0 

89 

lOT 

1T1.6 

IIS.S 

98T 

111.4 

14B.1 

IS.] 

IS  .7 

88 

7S.0 

40.3 

lU 

113.7 

83 

MBI 

179.4 

116.3 

966 

199.1 

140.1 

M 

14.0 

10.1 

80 

71.8 

49.8 

140 

lU.S 

U 

IDB 

1T«.« 

116.0 

960 

tn.o 

IM.< 

10 

M.O 

10.8 

go 

74.0 

S0.» 

ISO 

114.4 

u 

110 

174.1 

11T.4 

970 

Itt.B 

131.0 

~ii 

9S.T 

IT.I 

01 

76.4 

-Wi 

136  .S 

S* 

HI 

174.0 

iisl 

ITI 

STt 

161 .6 

S) 

90.0 

17.0 

S9 

TO.I 

61.4 

169 

ise.o 

86 

III 

1T6.8 

118.5 

ITS 

116.6 

1S9.1 

M 

ST. 4 

IB.B 

D> 

7T.1 

61.0 

IS* 

ise.8 

86 

III 

IT6.6 

119.1 

STl 

916.1 

IB3.T 

u.a 

10. 0 

01 

77. B 

61.6 

■64 

1S7.7 

80 

114 

1T7.4 

119.7 

374 

117.1 

iSt.J 

U 

ta.o 

10.0 

OS 

T8.e 

61.1 

Its 

IS8.B 

BO 

116 

IT8.I 

IM.I 

176 

»8.0 

IH.e 

M.8 

M.l 

00 

79.0 

a*.7 

160 

1S0.I 

87 

116 

170.1 

110.8 

376 

918.8 

IS4.) 

M.T 

M.7 

07 

80.4 

64.1 

187 

U0.9 

87 

IIT 

IT0.0 

111.1 

377 

139.6 

164.1 

■8 

■1.6 

91 .« 

08 

81.1 

64  .B 

156 

1)1.0 

88 

118 

186.7 

ISI.0 

STB 

UO.S 

166.1 

■1.8 

SI  .8 

BO 

89.1 

66.4 

160 

111  .8 

88 

IIB 

181.6 

118.6 

970 

UI.1 

166.0 

40 

H.I 

».4 

100 

8S.B 

M.O 

160 

119.6 

80 

no 

189.4 

iia.o 

980 

U9.I 

iso.a 

~ii 

■4.8 

Sl.O 

101 

"mTt 

60.6 

161 

iuTs 

lo 

Mi 

181.9 

I9(.6 

381 

ml 

1S7.I 

4S 

■4.8 

SI.6 

lOS 

84.0 

6T.0 

l«l 

m.l 

00 

S91 

184 .0 

194.1 

383 

m.8 

117.1 

u 

36.8 

M.O 

los 

86.4 

6T.6 

1« 

lU.I 

01 

US 

194.0 

IS4.7 

981 

m.o 

ISI.I 
IS8.S 

44 

M.I 

M.< 

104 

80.1 

68.1 

164 

ito.o 

01 

nt 

185  .T 

IS6.S 

384 

■U.4 

41 

ST.I 

SS.I 

106 

87.0 

66.T 

166 

116.8 

09 

iS 

196.6 

196  .B 

986 

ncA 

I6B.' 

4a 

U.l 

>S.7 

100 

87.0 

60.1 

166 

117.6 

01 

994 

1BT.4 

196.4 

986 

m.l 

IM.I 

4T 

s».o 

>«.S 

107 

68.7 

69.8 

167 

118.4 

91 

wr 

IS8.1 

196.0 

987 

U7.B 

I00.i 

48 

10.8 

96.8 

108 

80.S 

60.4 

168 

IS0.S 

9> 

318 

189.0 

I9T.6 

188 

m.8 

161.1 

49 

40.8 

97.4 

100 

M.4 

01.0 

160 

140.1 

94 

990 

180.8 

I9B.1 

188 

m.6 

161.1 

SO 

41.6 

18.0 

110 

01.9 

Ol.S 

170 

140.9 

96 

910 

ISO.T 

11S.6 

990 

■40.4 

161.: 

CI 

la7i 

151 

in 

09.0 

OS.l 

171 

uTS 

96 

911 

101 .6 

iioi 

991 

141.1 

191.) 

63 

41.1 

SS.I 

III 

99.9 

SS.6 

I7S 

lu.e 

06 

911 

109.* 

129.7 

101 

149.1 

tSl.l 

S> 

48.S 

xo.e 

111 

91.7 

U.9 

176 

1U.« 

96 

911 

IBS.S 

II0.9 

191 

M9.9 

IS1.I 

M 

44.8 

■0.1 

II4I 

94.6 

U.7 

174 

144. S 

or 

914 

104.0 

UO.O 

194 

Ml.T 

164 .4 

U 

46.1 

30.B 

IIS 

06.6 

64.) 

176 

146. 1 

OT 

116 

I04.B 

111.4 

»S 

144 .6 

166.11 

M 

*B.i 

61  .a 

no 

00.9 

64.0 

176 

146  .ft 

98 

916 

196. T 

ItS.O 

108 

MS  .4 

IS6.S 

ST 

4T.* 

(i.a 

117 

97.0 

66.4 

177 

148.7 

00 

UT 

196.6 

131.1 

307 

M6.9 

ISS.l 

U 

4B.1 

■S.4 

lis 

97.6 

66.0 

178 

147.6 

90 

938 

19T.8 

lU.l 

308 

M7.I 

I66.< 

eo 

4S.S 

U.O 

119 

98.7 

66.6 

17B 

148.4 

100 

ue 

196.1 

lU.e 

S90 

147  .B 

107.: 

00 

40.7 

U.O 

ISO 

0O.B 

67.1 

180 

N0.9 

100 

140 

190.0 

114.1 

■00 

■48.7 

WJ 

DM 

D«p. 

Ltf. 

DM. 

D^ 

LM. 

DMiD.p. 

Ut 

DUt 

D^ 

LM. 

DM. 

Dep. 

El 

For  06  Dettree*.      j| 

b,  Google 


so 

TABLE  U. 

— 

DiffimiBM  of  Utitit^  ud  DeparUre  for  34  Degmm.                     | 

DIM, 

IM 

IV 

Dkt 

LU-jDep. 

DfK. 

LU. 

DV- 

DiiL 

Ut 

D.P. 

IDiH. 

jUt^ 

o^ 

~ 

■JST 

-ool 

~6I 

50.«  14.1 

191 

100.1 

■oTt 

IbT 

ISO.l 

101.1 

341 

155:5 

tw.i 

: 

01. 

0] 

69 

51 .4i  U.T 

lis 

101. 1 

68.9 

IBl 

ISO.ft 

101 .8 

MS 

M0.O 

116.1 

OS. 

t   Dl 

n 

59. 

U.9 

in 

109.0 

68.8 

181 

UI.7 

I09.I 

341 

lBl.t 

lU.l 

- 

01. 

OS 

t* 

U. 

1S.8 

194 

109.8 

60.1 

184 

169. S 

I09.S 

844 

IBS.l 

110.4 

• 

04. 

oa 

OS 

51. 

M.l 

195 

101.6 

BB.B 

18S 

IS1.4 

lOI.B 

945 

9W.1 

18T.< 

0 

OS. 

01 

54. 

H.ft 

196 

104.S 

TO. 5 

180 

IS4.3 

104.0 

S4« 

UT.« 

1 

05. 

01 

6T 

55. 

IT.S 

1ST 

lOS.I 

TI.O 

187 

ISS.O 

104.0 

947 

104.8 

its.t 

00. 

01 

08 

56. 

18.0 

IM, 

106.1 

71.0 

188 

ISS.0 

105. 1 

S4S 

! 

or. 

Ofi 

57. 

18.6 

ISO 

106.0 

79.1 

189 

156. T 

106.7 

S4B 

806.4 

lift.! 

10 

08. 

OS 

T( 

SB. 

IB.I 

110 

107. 8 

71.7 

100 

117 .5 

IftO.9 

sso 

80T.I 

Itft.l 

0«. 

OS 

Tl 

SB. 

■B,T 

III 

ioO 

71.1 

101 

156.1 

ioel 

«r 

•B8.I 

uo: 

11 

00. 

oe 

Tl 

SB. 

40.1 

111 

109.4 

Ti.e 

IBS 

IIB.S 

107. 4 

9St 

aoe.ft 

I40.t 

11 

or 

Tl 

00. 

40.6 

111 

110.1 

74. 4 

in 

100.0 

lOT.ft 

9SI 

MB.T 

141 .1 

M 

07 

T4 

61. 

41.4 

114 

tll.l 

T4.0 

IB4 

lOO.B 

108. S 

964 

910.6 

I49.< 

It 

06 

T5 

61. 

41  .B 

lis 

iti.e 

75 .5 

1B5 

161 .7 

lOft.O 

su 

311.4 

I41.I 

10 

OB 

T6 

61. 

49.S 

lie 

II9.T 

T6.I 

IBO 

103.5 

100.6 

SSI 

819.8 

lu.: 

IT 

OB 

TT 

OS. 

41.1 

117 

1 11.6 

Te.e 

IBT 

IM.l 

IIO.I 

SS7 

lll.l 

lU.I 

IB 

14 ! 

10 

T8 

64. 

41.6 

118 

114 .4 

TT.3 

IBS 

104.1 

IIO.T 

S5a 

lll.B 

144.1 

IB 

IS. 

10 

TS 

OS. 

44.9 

110 

IIS  .8 

TT.7 

199 

106.0 

111.1 

S5fl 

■14.7 

144.8 

H 

10. 

It 

80 

00. 

44.T 

140 

iie.i 

T8.1 

800 

165.8 

11 1. 8 

860 

■16 .5 

145.' 

Bl 

IT. 

It 

81 

6T. 

45.1 

141 

iie.e 

wrs 

801 

160:6 

118.4 

■sol 

■16.4 

146 .1 

n 

18. 

IS 

81 

OB. 

4S.B 

I4S 

117 .7 

TB.4 

909 

167 .6 

III.O 

809 

■IT.S 

I46.i 

■ 

1ft. 

u 

81 

OB. 

46.4 

141 

118.6 

80.0 

901 

168.1 

I1I.5 

801 

118.0 

147.1 

S4 

IS. 

11 

84 

60. 

4T.0 

144 

IIB.4 

80.0 

904 

160.1 

114.1 

164 

lIB.ft 

147.1 

as 

M. 

14 

8S 

TO. 

4T.5 

145 

190.9 

61. 1 

806 

170.0 

114.6 

905 

910. T 

148.: 

as 

■I. 

14 

80 

Tl. 

48.1 

146 

131 .0 

61.6 

900 

170.8 

115.9 

S66 

3Se.6 

la.i 

tr 

tt. 

IS 

BT 

Ti. 

48.0 

I4T 

181  .ft 

6S.S 

907 

171.6 

II5.S 

S67 

891.4 

I4B.I 

SB 

SI. 

IS 

88 

Tl. 

4B.S 

148 

ItS.T 

es.e 

906 

1TS.4 

116.1 

S6S 

I99.i 

I4B.1 

a» 

H. 

16 

89 

71. 

4B.8 

149 

131.5 

61 .1 

90B 

ITl.l 

116.0 

96B 

■91.01 

M.4 

so 

M. 

10 

90 

74. 

10.1 

150 

134.4 

61.9 

910 

1T4.I 

I1T.4 

S7D 

891.8 

ISI.I 

II 

"57 

"if 

Bl 

rfT 

tO.B 

ISl 

lU.S 

84.4 

811 

1T4.0 

118.0 

SII 

STt 

161.1 

u 

IS. 

17 

Bl 

TO. 

51.4 

15) 

I9S.0 

86.D 

919 

175.8 

118.5 

9TI 

■36  .• 

161. 

it 

ST. 

18 

Bl 

TT. 

5S.B 

ISl 

1M.8 

8B.E 

911 

IT6.6 

IIB.I 

in 

196.1 

159.7 

M 

18. 

1ft 

B4 

TT. 

6S.6 

154 

19T.7 

80.1 

914 

ITT.4 

110.1 

974 

337.3 

151.: 

15 

SB. 

IB 

BS 

T8. 

51.1 

I5S 

198.5 

80.7 

816 

IT6.S 

IM.l 

ST5 

118 .1 

IS1.I 

M8 

SB, 

10 

BO 

Tft. 

51. T 

156 

19B.1 

87.9 

SI6 

ITB.l 

110.8 

970 

Stt.e 

1S4.I 

IT 

10. 

90 

07 

80. 

54.9 

I5T 

ISO.l 

67.6 

317 

ITB.O 

111.1 

977 

3S0.6 

IS4.I 

18 

11. 

SI 

96 

81. 

54.8 

158 

111.0 

88.4 

818 

I80.T 

191.9 

378 

810.5 

156.6 

IB 

n. 

SI 

9B 

89. 

55.4 

ISB 

111  .8 

86.B 

310 

161.6 

I29.S 

379 

SI1.1 

I50.( 

41 

u. 

IS 

100 

89. 

SS.B 

160 

113.6 

BB.5 

890 

1BS.4 

lU.B 

819.1 

It«. 

"^ 

IT 

Is 

"lol 

"Iii7 

SO. 5 

161 

m.5 

Biro 

Si 

181.1 

in.e 

»T 

BTi 

I5T. 

41 

14. 

SI 

101 

84. 

67.0 

163 

114.1 

BO  .6 

999 

184.0 

194. 1 

383 

m.s 

IST.T 

U 

IS. 

14 

lOS 

S3. 

87.6 

161 

ISS.l 

91.1 

991 

184.9 

194. T 

381 

914.8 

161.1 

44 

H. 

14 

104 

80. 

58.1 

164 

116. 0 

BI.7 

994 

185.7 

195.1 

3B4 

9U.4 

168.1 

4« 

■T. 

SS 

lOS 

87. 

68.7 

105 

116.8 

BS.I 

9SS 

186.6 

115.8 

38C 

no.i 

I6«.< 

46 

■8. 

95 

100 

87. 

3ft. 1 

166 

m.6 

BS.8 

936 

18T.4 

110.4 

380 

HT.I 

IB.I 

4T 

IB. 

90 

IDT 

86. 

39.8 

167 

118.4 

B1.4 

997 

188.1 

196.9 

387 

ff'" 

16B.6 

48 

>B. 

90 

108 

89. 

00.4 

168 

IIB.I 

Bl.B 

SM 

ISO.C 

I9T.6 

188 

118.8 

m.« 

40 

40. 

ST 

lOB 

90. 

61.0 

I6B 

140.1 

B4.5 

399 

ISO. a 

1)8.1 

989 

hb.o 

181.5 

SO 

41. 

98 

lie 

Bl. 

61. S 

170 

140.B 

B5.1 

810 

IBO.T 

138.6 

SBO 

■40.4 

161.: 

-n 

4S. 

9tl 

III 

BS. 

6i.i 

171 

141.8 

05.6 

311 

IftO 

iiSl 

S0I 

141.1 

i«:7 

n 

41. 

» 

111 

Bl. 

69.6 

179 

141.0 

BO.S 

319 

IB3.1 

Wft.T 

801 

149.1 

101. 1 

SI 

«. 

» 

III 

Bl. 

61.9 

171 

ia.4 

BO.T 

911 

m.s 

lU.l 

801 

14S.B 

ei.i 

S4 

44. 

U 

114 

B4. 

6I.T 

174 

144.1 

07.1 

914 

1B4.0 

110. B 

SB4 

141.7 

64.< 

SS 

45. 

«0 

115 

B5. 

64.1 

ITS 

146.1 

0T.0 

916 

1B4.6 

111.4 

805 

144.0 

86.0 

SB 

40. 

11 

110 

96. 

S4.B 

170 

14S.ft 

08.4 

916 

1B5.7 

IIS.O 

800 

145.4 

lei.i 

57 

4T. 

■I 

117 

87. 

66.4 

177 

140.7 

OB.O 

911 

IBO.S 

IIS.I 

89T 

UO.I 

180.1 

56 

48. 

IS 

lis 

BT. 

66.0 

178 

147. 6i 

99.6 

sse 

19T.1 

m.l 

396 

147. 1 

86.1 

5B 

48. 

u 

110 

B6. 

00.6 

179 

148.4 

190. 1 

910 

IB8.I 

111.6 

9BB 

MT.B 

16J.: 

OO 

4B. 

11 

IM 

BB. 

07.1 

181 

149.  S 

100.7 

340 

IBB.O 

114.3 

100 

U8.T 

IWjj 

Dtat 

Dep 

I^ 

DiM 

Dep, 

Ut 

DIM 

Dep. 

Ut. 

Mtt 

Dep. 

Ut 

Di>t 

Dep. 

ut 

For  66  Degrees.       ]| 

b,  Google 


b,  Google 


• 

TABLE  U. 

93 

Dtit 

L>L 

Dr, 

1^    DIM. 

IM. 

Dfp. 

IHst 

LaL^Oep. 

DUt 

L.L 

Dep. 

Dfat 

LM. 

D«p. 

1 

OO.B 

00 

i        0] 

~wl 

M.7 

131 

06.6 

791 

~m 

144.6 

106  { 

-24f 

mTt 

145.0 

1 

01 .« 

01 

3       83 

40.6 

•7.1 

123 

07.4 

71.4 

182 

146.4 

109 

348 

m.t 

146.0 

■ 

0S.4 

01 

8    n 

60.1 

•7.0 

m 

08.3 

74.0 

161 

140.8 

110 

941 

104.1 

140.2 

4 

01.3 

M 

4       S4 

61.1 

18.1 

m 

90.0 

74. e 

184 

140.0 

110 

944 

104.9 

I40.( 

i 

04.0 

OS 

0       01 

11.0 

19.1 

195 

00.8 

75.3 

185 

147,7 

111 

145 

195.7 

147.4 

0 

04.8 

01 

0       «fl 

12.7 

S0.7 

12« 

100.0 

75.8 

ISO 

148.6 

111 

246 

106.1 

148.0 

1 

01  .S 

04 

9       B7 

11.5 

40.1 

101.4 

76.4 

187 

149.1 

113 

247 

107.1 

148. C 

B 

OB  .4 

04 

8       08 

04.) 

40. D 

128 

102. » 

77.0 

188 

111 

248 

198.1 

149.1 

9 

07.S 

OS 

4       60 

06.1 

41.6 

lie 

101.0 

77.6 

189 

ISO^f 

11* 

249 

198.9 

149.fi 

10 

OB.O 

DO 

0       TO 

11.9 

43.1 

lU 

103.8 

78. 2 

100 

151.7^ 

114 

S5( 

100.7 

160.5 

11 

08.8 

06 

0       71 

60.7 

42. T 

111 

104.0 

70.8 

191 

168.5 

IM 

851 

SOO.O 

KH 

IS 

D9.S 

07 

3       73 

67.1 

41.) 

188 

101.4 

70.4 

199 

151.1 

111 

953 

101.1 

161.7 

II 

10.4 

07 

8      n 

68.1 

41.9 

188 

106.9 

8O.0 

19) 

1*4.1 

110 

351 

109. 1 

169.1 

U 

11.31 

08 

4       74 

50.1 

44.6 

184 

107.0 

80.6 

104 

154.91 

116 

254 

109.9 

t68.fi 

la 

13.0 

00 

0       71 

60.9 

46.1 

lU 

107.8 

81.2 

195 

156. T 

117 

355 

I0S.7 

161.5 

le 

13.8 

00 

6       76 

60.7 

41.7 

ISO 

108.0 

81.8 

106 

156.6 

118 

966 

MU.l 

164.1 

IT 

IS.B. 

10 

3       77 

01.6 

40.S 

1)7 

100.4 

83.4 

197 

157.1 

118 

>57 

105.3 

164.7 

IS 

14.4 

10 

8       78 

02.1 

46.9 

118 

110.8 

81.1 

198 

168.1 

110 

3 

K6S 

106.0 

188.1 

ID 

15.3 

4       79 

61.1 

47.1 

ISO 

111.0 

SS.I 

199 

168.9 

119 

8 

960 

M6.8 

I66.fi 

in 

16.0 

13 

0       80 

OS.O 

48.1 

140 

111.8 

84.1 

900 

169.7 

180 

160 

107.6 

168.5 

31 

10.8 

"la 

0       81 

04.7 

48.7 

141 

118.6, 

84.9 

201 

160.5 

isr 

0 

«i 

108:4 

167.1 

23 

17.0 

3       83 

05.6 

49.1 

142 

111.4 

81.1 

202 

161.1 

181 

6 

963 

200.9 

157.7 

n 

18.4 

a       81 

00.1 

60.0 

141 

114.3 

86.1 

101 

163.1 

188 

9 

861 

iie.o 

I58.S 

M 

10.3 

14 

4       84 

07.1 

60.0 

144 

115.9 

86.7 

904 

1S3.9 

188 

8 

964 

110.8 

168.t 

U 

30.0 

15 

0      86 

07.9 

11.2 

146 

IIS.B 

87.1 

306 

16). 7 

m 

965 

211.6 

I69.I 

96 

30.8 

11 

0      80 
3      87 

68.7 

61.8 

14« 

110.6 

87.fi 

906 

164.5 

114 

0 

966 

213.4 

100.1 

» 

31.0 

10 

69.6 

•3.4 

147 

117.4 

88.1 

307 

101.1 

134 

0 

867 

111.9 

100.7 

38 

33.4 

10 

S      88 

70.1 

61.0 
11.0 

148 

118.9 

89.1 

908 

106.1 

186 

8 

868 

tl4.0 

lei.i 

3» 

ai.s 

17 

6      00 

71.1 

149 

119.0 

89.7 

309 

100.0 

136 

8 

969 

314.8 

161  .t 

10 

94.0 

18 

1       90 

71.9 

64.2 

119 

119.8 

00.) 

810 

107.7 

136 

270 

311.6 

169.6 

l4l 

"is" 

7       91 

79.7 

"6171 

111 

130.6 

00.9 

«i 

ioO 

m 

0 

■5n 

816:4 

108.1 

ss 

91.0 

19 

1       99 

71 .1 

65.4 

US 

131 .4 

01.6 

313 

109.1 

13T 

6 

878 

317.3 

16).  J 

u 

20.4 

19 

0       93 

T4.S 

se.o 

IIS 

139.8 

09.1 

311 

170.1 

128 

3 

27* 

318.0 

164.: 

u 

97.3 

30 

5       94 

7S.1 

16,6 

164 

113.0 

03.1 

314 

170.0 

128 

8 

974 

318.8 

104.1 

w 

38.0 

31 

1       9S 

75.9 

57.2 

168 

113.8 

»1.1 

911 

171.7 

120 

4 

276 

119.6 

166  .S 

S6 

38.8 

31 

7       96 

76.7 

57.8 

166 

194.6 

01.9 

216 

173.6 

110 

0 

976 

tlO.4 

166.1 

29.8 

33 

I       97 

77.6 

18.4 

157 

195.4 

94.5 

917 

171.1 

110 

6 

877 

881.9 

166.7 

18 

10, S 

33 

9       08 

78. S 

69.0 

158 

196. S 

96.1 

318 

174.1 

111 

3 

878 

289.0 

107.1 

■9    »I.l 

9t 

S       DO 

79.1 

10.6 

159 

197.0 

96.7 

919 

174.9 

HI 

8 

879 

892.8 

167.fi 

40    81.9 

94 

I     100 

70.9 

00.9 

160 

197.6 

96.S 

220 

175.7 

1)3 

4 

980 

839.6 

168.5 

41 

12.1 

34 

7     101 

80. T 

"oO 

ToT 

128.6 

TO 

381 

176.6 

111 

0 

"wT 

224.4 

160l 

U.l 

SG 

1     103 

81.1 

01.4 

102 

120.4 

97.1 

232 

177.1 

HI 

889 

Ml  .9 

160.7 

a 

S4.i 

91 

0     101 

89.1 

03.0 

101 

110.9 

98. 1 

331 

178.1 

114 

2 

981 

226.0 

170  S 

44 

W.I 

10 

1     104 

81. 1 

03.0 

104 

111.0 

98.7 

234 

178.9 

1*4 

984 

226.8 

lTO.fi 

45 

W.9 

37 

1     106 

81.9 

03.9 

106 

111.8 

99.1 

236 

179.7 

1*6 

986 

287.6 

171.5 

40 

30.7 

97 

7     106 

84.7 

08.8 

100 

118.0 

99.9 

330 

180.5 

1*6 

986 

188.4 

172.1 

47 

17. 1 

38 

1     107 

81.1 

04.4 

167 

IU.4 

100.1 

937 

181.1 

1*6 

0 

387 

880.9 

178.7 

48 

18.1 

38 

8     106 

88 .« 

06.0 

108 

114.8 

101.1 

838 

183.1 

117 

3 

888 

8)0.0 

m.i 

4S 

SO.I 

99 

6     lOB 

87. 1 

08.0 

169 

13S.0 

101.7 

399 

188.S 

117 

8 

989 

3)0.8 

171.7 

10 

w.o 

to 

i   ^ 

87.8 

60.9 

170 

IW.B 

109.1 

830 

183.7 

118 

4 

890 

3)1.6 

174.6 

SI 

40.7 

■0 

"Ml 

00.8 

171 

liiTo 

102.9 

331 

184.6 

fio 

0 

»T 

3)9.4 

171.1 

18 

41.1 

11 

■     119 

89.4 

07.4 

172 

1)7 .4 

101.5 

838 

181.1 

119 

0 

392 

3M.9 

176.7 

S) 

49.1 

11 

«     111 

90.2 

08.0 

171 

ItB.S 

101.1 

8SS 

186.1 

140 

8 

891 

3)4.9 

170.) 

H 

43.1 

■9 

1     114 

01.0 

68.6 

174 

130.0 

104.7 

9)4 

186.9 

140 

8 

904 

3)4.8 

176.0 

61 

4s.g 

U 

I     III 

91. H 

176 

119.8 

105.1 

S>S 

187.7 

141 

4 

296 

1)5.6 

177.6 

66 

44.7 

7     116 

93.0 

m'.B 

170 

140.6 

105.9 

no 

188.5 

142 

0 

206 

3)6.4 

I7B.1 

67 

46 .1 

u 

S     IIT 

93.4 

70.4 

177 

141.4 

106.1 

8)7 

189.1 

142 

6 

207 

3)7.2 

178.7 

98 

46.3 

14 

9     IIB 

94.9 

71.0 

178 

149.2 

107.1 

3)8 

100. 1 

141 

9 

398 

2)8.0 

179.1 

09 

47.1 

11 

S     IID 

91.0 

71.6 

179 

14). 0 

107.7 

SW 

100.9 

141 

1 

200 

218.8 

179.9 

« 

47.9 

■6 

1      120 

91 .8 

79.3 

180 

141.8 

108.1 

su 

191.  T 

144 

4 

100 

2)9.6 

180,6 

Dbl. 

D.P. 

Tw 

.    DiU. 

Dep. 

Ut 

^ 

De^ 

Ut. 

Dtet 

Dep. 

Ut 

^ 

Dep. 

IM. 

SS 

as 

^S 

^ 

^S 

- 

— 

jrw* 

04 

TABLE  U. 

DiAraDot  Of  L>titttl«  tod  D«p>itan>  lor  38 

Uegr«ea. 

DbL 

Ld 

L   Dep. 

DbL 

Lat 

^ 

DM. 

[UtJ 

D-P^ 

Dbt. 

Lac 

^"^ 

LML 

D.P. 

i 

oo" 

8  oo.e 

~8i 

"wTT 

ITo 

"ui 

^Ti 

74. S 

181 

I4S.4 

1U.4 

941 

180.9 

148.4 

] 

a  01 

i 

8a 

48 

•8 

s 

us 

•0 

7S.1 

IM 

141.4 

113.1 

949 

196.T 

149.0 

s 

n 

4    01 

s 

4» 

18 

s 

Ul 

90 

78.7 

IM 

144.1 

113.7 

941 

191 .1 

149.6 

4 

03 

>    OS 

w 

>0 

19 

4 

U4 

97 

TO. 3 

184 

141.0 

IIS  .3 

944 

isa.s 

160.9 

t 

«1 

B    01 

Ofi 

n 

49 

0 

ISS 

98 

TT.O 

ISS 

146. e 

113.9 

94B 

19*. 1 

160. a 

e 

04 

T    01 

u 

SI 

40 

0 

190 

99 

77.0 

1B6 

i4e.c 

I14.S 

940 

III3.B 

161  .S 

T 

A    M 

07 

as 

41 

s 

IS7 

100 

78.3 

IBT 

147.4 

lU.I    347 

IM.6 

169.1 

8 

06 

1    04 

SI 

41 

9 

118 

100 

78.8 

188 

148.1 

IIS.T 

M8 

I9S.4 

IS9.7 

0 

07 

1    W 

0B 

04 

41 

1 

IS9 

101 

79.4 

ISt 

148.9 

110.4 

Ml 

196. S 

161.1 

IB 

07 

S    00 

70 

SS 

a 

1 

101 

89.0 

190 

149.7 

IIT.O    M^ 

197.0 

161.1 

"08 

71 

ss 

a 

7 

lii 

101 

"Wi 

iBi 

1S0.S 

■  IT  .6 

SSI 

Iwre 

art 

11 

09 

t  « 

n 

ss 

44 

• 

us 

101 

81.1 

IBS 

ISI.I 

110.3 

9S1 

198.6 

166.1 

II 

1    08 

71 

ST 

44 

9 

lU 

104 

81.9 

101 

IIS.I 

118.8 

981 

190.4 

I66.I 

14 

0    08 

74 

S8 

4« 

0 

114 

lOB 

BS.S 

104 

l6S.i 

I1B.4 

964 

wo.s 

1*6  .< 

It 

8    OB 

TS 

S» 

40 

S 

lU 

106 

81.1 

196 

ISl.T 

130.1 

9U 

100.9 

IBT  .4 

1« 

t    00 

TO 

SB 

40 

8 

110 

107 

81.7 

100 

1I4.S 

199.T 

900 

Wl.T 

167. 1 

17 

4    10 

n 

60 

47 

4 

in 

108 

84.1 

IBT 

US.1 

131.3 

SB7 

309.6 

168.] 

IBI 

1    11 

TB 

01 

48 

0 

1*8 

108 

81.0 

IBS 

166.0 

131  .B 

3S8 

9«.S 

I68.i 

0    11 

79 

61 

6 

119 

109 

81.0 

199 

116.8 

193. S 

369 

SM.l 

169.1 

« 

B    13 

m 

4S 

I 

140 

110 

80.1 

SBO 

1ST  .6 

133.1    900| 

J04J 

IW.I 

SI 

81 

m" 

49 

9 

141 

nr 

86.0 

901 

IS8.4 

ISt.T    >0I 

loi.r 

100.1 

n 

a  IB 

64 

■0 

S 

141 

111 

8T.4 

MS 

ISB.l 

134.4    901 

wo.! 

i(n.i 

at 

1     14 

81 

6S 

ii 

14* 

til 

88.0 

its 

160.0 

lu.o  sot 

W7.S 

Hl.t 

S4 

IS 

S    14 

S4 

00 

» 

7 

144 

III 

86.7 

St4 

100.8 

ISI.0    904 

NS.O 

ISt.S 

u  ie 

T    IS 

8S 

67 

ss 

S 

146 

114 

80.1 

3tl 

101 .1 

IS0.3    906 

m.f 

I6S.1 

M 

10 

I    10 

SB 

07 

BS 

9 

148 

IIS 

80.9 

SO0 

lOl.l 

IS0.8 

90« 

16S.II 

W 

SI 

■    18 

ST 

08 

B« 

0 

147 

Its 

90.S 

30T 

161.1 

IST.4 

907 

noil 

164.4 

M 

» 

1    IT 

S8 

Be 

04 

S 

148 

110 

91.1 

»oe 

14tl.9 

1S6.1 

908 

111.9 

166. S 

» 

» 

e  17 

89 

TO 

S4 

8 

149 

I  IT 

91.7 

MB 

164.7 

ISS.T 

90B 

119.0 

106.1 

M 

n 

B    IB 

00 

TO 

SI 

4 

ISO 

Its 

BS.S 

sio 

16S.I 

I9B.3 

370 

119.8 

i4it.: 

11 

u 

4    l» 

91 

71 

SB 

0 

161 

IIB 

BS.O 

111 

166.1 

199.1 

171 

iU.I 

160.1 

n 

ss 

1    IB 

91 

71 

B6 

6 

US 

IIB 

M.0 

SIS 

167.1 

I30.S 

373 

114.3 

lar.i 

u 

M 

0    M 

98 

71 

IT 

1 

111 

ISO 

04.3 

SIS 

167.8 

131.1 

371 

tlS.l 

168.1 

u 

10 

8    M 

94 

74 

ST 

9 

114 

111 

B4.8 

314 

168.0 

131.8 

974 

IIS  .9 

in.7 

u 

■T 

a  ti 

96 

74 

18 

1 

111 

111 

96.4 

SIS 

160.4 

ISS.4 

371 

116.7 

I6B.1 

H 

28 

4   31 

00 

7S 

19 

1 

IH 

ISl 

90.0 

310 

ITO.l 

133.0 

970 

I1T.3 

160.9 

■T 

» 

1   » 

«T 

76 

SB 

I 

1ST 

ISl 

90.7 

SIT 

I7l.o;iU.6 

977 

MB.i 

170.6 

•8 

SB 

S   U 

98 

77 

•1 

1 

1S8 

1X4 

•T.3 

318 

I7I.b'134.S 

978 

ilB.I 

ITI.l 

■9 

M 

7   U 

99 

78 

61 

0 

ISO 

ISS 

•T.9 

319 

171.0134.8 
I7S.4IU.4 

979 

119.9 

ITI  .8 

4( 

•1 

s  u 

100 

78 

61 

6 

160 

196 

98.1 

sse 

180 

I90.( 

179. 4 

U 

-f-u 

101 

To 

■m 

1 

161 

110 

99.1 

311 

174.3,136.1 

381 

111.4 

irTo 

41 

U 

I  » 

101 

80 

69 

8 

161 

19T 

99.T 

331 

174.B1I6.T 

981 

199.1 

I7S.B 

41 

•1 

e  M 

101 

81 

61 

161 

118 

100.4 

313 

176.7 137.3 
176.6  137. B 

181 

m.o 

174.1 

44 

u 

7    IT 

104 

8S 

64 

164 

119 

101.0 

334 

184 

191.8 

174.8 

4f 

u 

6   17 

IOC 

88 

64 

166 

ISO 

101.0 

SIS 

177.3,138.6 

181 

1M.( 

176.1 

4« 

47 

M 
•T 

1    18 
1   18 

81 

84 

61 
61 

1 

166 
167 

110 
131 

101.1 

101.6 

ITS.  1139.1 
178.»,1S9.8 

107 

93T 

287 

no!] 

its!? 

48 

» 

8   S» 

108 

8S 

66 

168 

131 

101.4 

SS8 

179.71140.4 

188 

Ktt.O 

17T.1 

49 

*8 

e  10 

109 

86 

67 

169 

131 

104.0 

339 

I80.||14I.O    S8B 

i97.r 

177.8 

M 

» 

4    to 

110 

80 

67 

T 

ITO 

114 

104.7 

SM 

I8I.S14I.6     9B9 

I9S.8 

178.6 

SI 

40 

3   1) 

111 

B7 

68 

1 

ITl 

134 

331 

18S.0 141.1     S91 

551 

I79.S 

U 

II 

0  u 

111 

ae 

00 

0 

ITS 

13S 

iosIb 

3U 

181.8  141.  B     393 

ao.i 

179.8 

Bl 

41 

8   M 

111 

80 

0B 

6 

ITI 

116 

106. S 

3U 

181.6143.4     391 

no.B 

180.4 

§1 

41 

e  u 

114 

80 

10 

fi 

1T4 

I3T 

IBT.l 

314 

184.4  144.1     SB4 

«1.7 

181,0 

43 

>  11 

III 

90 

T9 

8 

I7S 

13T 

lOT.T 

316 

t86.S'l44.T     SBS 

139. S 

161.6 

Of 

44 

I    14 

110 

Dl 

71 

4 

1T6 

138 

106,4 

336 

186.0146.3     S90 

m.i 

189.1 

44 

9    U 

IIT 

«9 

TI 

0 

ITT 

139 

lOB.O 

337 

186.8'l4S.9    S9T 

134.0 

183.9 

if 

4a 

7    16 

US 

01 

Tl 

0 

1TB 

140 

10B.6 

SS8 

187.6'146.S     S98 

134.8 

188.6 

t» 

46 

«    M 

IIB 

91 

Tl 

B 

ITO 

141 

110.8 

219 

186.3147.1     399 

iS6.6 

184.1 

W 

47 

3    U 

9 

IH 

94 

Tl 

« 

ISO 

141 

IIO.B 

24(1 

180.1147.8     309 

»6.4 

184.7 

Diit 

Dq 

.    L^ 

Dut 

D^ 

i:^:! 

DH 

THp. 

Lm. 

DiM 

Dtp.\UL     JUt 

Dq- 

Lat 

__ 

B 

__ 

, 

__ 

_ 

^ES 



ror  u 

»  i« 

«Te«. 

__ 

^mm 

^^ 

■>w 

^n 

— ^,^ 

1 

■  ■■!» 

TABLE  IL                                              M  1 

l^t. 

00. 

00  0 

DIM. 
01 

La 

4     S8.4 

5St 

131 

u.o 

Dq>. 
76.1 

Dirt. 
I8t 

Lu. 

140.1 

Dq.. 

iiTS 

H 

Lat. 

D^ 

841 

187  .S 

161 .7 

1 

01. 

01 

03 

48 

9    19 

0 

11^ 

04 

8 

TO 

8 

ISS 

141 .4 

lU.S     8431 

188.1 

ISS.t 

) 

09. 

01 

01 

49 

S    99 

0 

ISi 

OS 

« 

77 

ISI 

143.8 

116.3    841 

188.8 

153.0 

4 

OS. 

03 

04 

49 

T    40 

■ 

134 

96 

78 

184 

I4S.0 

115.8 

844 

189.0 

163.6 

01. 

09 

06 

SO 

S    40 

9 

136 

m 

78 

180 

ltt.8 

116.4 

84S 

190.4 

tS4.1 

< 

04. 

00 

00 

Bl 

1    41 

6 

190 

97 

70 

lOO 

144.0 

U7.1 

140 

101.1 

164.8 

r 

06. 

04 

OT 

S9 

1    49 

2 

197 

08 

TO 

181 

UG.S 

111.7 

S4T 

lOS.O 

IS6.< 

06. 

06 

08 

S9 

B   49 

8 

IM 

99 

80 

1881 

146.1 

IIB.I 

S48 

tOS.T 

166.1 

OT. 

06 

09 

U 

0  iS 

4 

110 

100 

81 

180 

146.9 

118.9 

340 

I9S.S 

I66.T 

i< 

01. 

DO 

TO 

S4 

4   44 

1 

ISO 

101 

81 

190 

147.7 

119.6 

sso 

104  .S 

IST.I 

"FT 

oe. 

00 

Tl 

SO 

%    44 

T 

131 

loT 

89 

191 

14B,4 

110. 1 

851 

IDS.l 

iSbTo 

13 

00. 

07 

T9 

so 

«    4S 

s 

ISO 

103 

8S 

lOX 

14S.1 

130.8 

SSS 

196 .8 

11 

10. 

TS 

60 

T    4S 

9 

lis 

IM 

8S 

190 

150. 0 

I3I.S 

SSS 

196.6 

159.  ll 

14 

10. 

08 

T4 

ST 

S    40 

6 

IS4 

104 

84 

194 

150.6 

131.1 

SS4 

19T.4 

159.8 

It 

00 

76 

68 

1    47 

9 

ISS 

104 

86 

196 

151.fi 

966 

108.8 

100.5 

|( 

is! 

10 

TO 

69 

1    4T 

8 

ISO 

loe 

86 

190 

158  .S 

366 

198.9 

101.1 

IT 

la. 

10 

TT 

69 

8    48 

6 

U7 

106 

86 

197 

I5S.1 

SS7 

190.7 

161.7 

IB 

u. 

II 

78 

00 

e  49 

lie 

107 

86 

108 

I6S.0 

114.0 

368 

100.6 

161.4 

19 

14. 

12 

79 

SI 

4    49 

7 

lie 

108 

BT 

190 

154.7 

136. 8 

308 

Ml.S 

163.0 

80 

IS. 

■3 

It 

BO 
81 

09 
09 

2    SO 

o'sr 

1 

140 
141 

106 

88 

-58 

100 

aoi 

ISS  .4 

isol 

ISS. 9 

iao.6 

900 

Ml 

108.1 

103.8 

161. ri 

18. 

« 

IT. 

It 

83 

OS 

7    Bl 
6    62 
1    69 

149 

141 
144 

110 

111 
111 

80 
90 
00 

Ml 
90S 

904 

IST.O 
167.8 
■58.5 

IST.I 

303 

M9.0 

164  !l 
166.5 

at 

IT. 
18. 

14 
IS 

81 
84 

04 
OS 

9 
9 

188:4 

904 

SOS  is 

166.1 

10. 

16 

B3 

00 

I    51 

6 

146 

119 

01 

MS 

150  .S 

IS9.0 

906 

MS.O 

166.8 

90. 

10 

80 

flO 

B    M 

1 

146 

IIS 

91 

100 

100.1 

IS9.0 

900 

100.7 

0T.4 

37 

SI. 

IT 

BT 

67 

B    64 

8 

147 

114 

99 

MT 

100. 0 

ISt.l 

907 

90T.S 

168.0 

91. 

IT 

88 

68 

4    66 

4 

148 

116 

91 

108 

101.0 

is«.e 

908 

106.9 

lee.T 

3C 

99. 

IB 

89 

09 

2    66 

0 

149 

IIS 

91 

100 

ioa.4 

ISI  .5 

900 

MO.l 

leo.s 

M 

31. 

IB 

00 

09 

e    66 

6 

ISO 

116 

94 

110 

161.1 

ISI  .2 

ITO 

M0.8 

169.0 

S4. 

10 

91 

TO 

"7    67 

1 

"i« 

06 

in 

104.0 

1S1.8 

871 

SIO.O 

ITO. 5 

94. 

90 

99 

n 

S    67 

9 

169 

118 

OS 

911 

161.8 

111.4 

878 

911.4 

1T1.1 

36. 

90 

93 

TS 

9    68 

6 

163 

118 

06 

911 

166.6 

114.0 

971 

3I9.S 

ITI.8 

io. 

91 

94 

7S 

I    59 

9 

IS4 

119 

90 

914 

106.1 

114.7 

274 

S19.» 

ITI.4 

w. 

<S 

7S 

8    69 

8 

ISS 

190 

9T 

SIS 

167. 1 

116 .1 

975 

21S.7 

ITS.l 

38. 

99 

90 

74 

8    60 

160 

191 

98 

I6T.B 

115.9 

976 

114.  S 

ITI.T 

38. 

91 

9T 

T8 

4   61 

0 

107 

13) 

08 

917 

168.6 

II6.6 

977 

216.1 

IT4.S 

*8 

39. 

91 

TO 

i    61 

T 

168 

1» 

99 

918 

iee.4 

IIT.I 

978 

110.0 

175.  D 

10 

94 

TO 

S    09 

1 

169 

lis 

100 

919 

170.9 

117.8 

979 

216.  B 

IT5.0 

40 

SI. 

IT 

9S 

26 

100 

lei 

T7 
TS 

7   09 
1    61 

9 

6 

100 

To! 

1S4 

196 

100 
101 

930 

171.0 
I7I.7 

118. 6 

uon 

180 

21T.0 

ITO. 8 

U8l 

176.1 

43 

19. 

» 

lOS 

T9 

■   64 

S 

m 

136 

101 

mi 

179.6 

IStt.7 

181 

119.1 

17T.S 

U. 

9T 

lOI 

60 

0    04 

e 

16S 

190 

109 

Ml 

171. 1 

140.1 

181 

210.0 

178.1 

34. 

IT 

104 

60 

8   66 

4 

104 

137 

101 

994 

174.) 

141 .0 

184 

tlO.T 

\lt-l 

ft. 

18 

lOS 

81 

8   00 

1 

1«S 

198 

lOS 

996 

174.9 

U1.6 

185 

291.5 

170.. 

1? 

U. 

38 

100 

83 

4   60 

7 

106 

199 

104 

930 

175.6 

148.2 

SSO 

298.1 

180.0 

H. 

» 

lOT 

81 

1    67 

S 

lOT 

199 

lOS 

33T 

170.4 

141.9 

SS7 

29S.0 

180.0 

48 

IT. 

>0 

108 

81 

0   68 

0 

108 

ISO 

lOS 

338 

177. 2 

141.1 

988 

»S.8 

181.3 

40 

■8. 

•0 

>1 

109 
110 

84 

8S 

T   68 
S   69 

6 

3 

169 
1T0 

ISI 
1S3 

100 
■OT 

339 

390 

I7B.0 
178.7 

144.1 
144.7 

980 

884.0 

181 .0 
181.5 

990 

180.4 

"iST 

■«■ 

"111 

80 

1    69 

9 

171 

119 

lOT 

"»T 

179.S 

145.4 

101 

Sol 

iin 

SI 

40. 

19 

119 

»7 

0   70 

m 

131 

106 

St£ 

180.3 

146.0 

191 

£16.9 

181.8 

g: 

41. 

» 

111 

87 

B   71 

171 

1S4 

108 

SSS 

181.1 

146.0 

191 

m.T 

184.4 

94 

114 

BB 

6    71 

174 

\M 

109 

SS4 

181  .S 

147.1 

194 

198.5 

I8S.0 

&i 

49. 

14 

111 

B9 

4   73 

ITS 

116 

110 

SSS 

189.6 

147.9 

195 

I6S.0 

66 

4S. 

U 

00 

1    TS 

176 

lie 

110 

930 

181.4 

148.6 

10( 

MO.O 

186.1 

ST 

44. 

U 

00 

S    TS 

177 

IIT 

111 

SIT 

184.3 

149. 1 

207 

110.8 

186.0 

S8 

4S. 

M 

01 

T    T4 

I7B 

IS8 

111 

SIB 

186.0 

149.8 

108 

»i.e 

187.6 

BqI  4S. 

IT 

lit 

99 

5    74 

IT!^ 

139 

112 

310 

186 .7 

160.4 

BOO 

as.4 

188.1 

M|40. 

IT 

190 

91 

1    TS 

180 

ISO 

111 

uo 

leo.s 

161.0 

seo 

m.i 

188. i 

Md"? 

LU. 

Did. 

Dq 

;;  L«. 

DM 

D^p. 

Ut 

DiK. 

D«P- 

LM. 

Din. 

D«P- 

LaL 

_ 

S 



__ 

J^ 





__ 

__ 

= 

rw  w 

SSS 

!gr«i 

ss 

M 



TABLE  II. 

__^ 

DHfenoM  or  Uthade  ud  Deputvn  for  40 

uegn 

»«. 

DUt 

J-t 

Ihp. 

DIM 

LaL 

D^ 

Dlit 

La. 

D^ 

DiH. 

LU. 

B^ 

D^ 

I.^ 

o^ 

IJiTi 

00.0 

61 

■«^ 

151 

lai 

mTt 

-TTTi 

Isi 

116.7 

116.1 

"841 

iir« 

IH.l 

01 

01  .s 

«S 

47 

10.9 

iss 

H 

76 

ISS 

ISO 

117 

0 

84S 

IS*. 4 

1*9.6 

n 

01.9 

as 

48 

40 .« 

131 

M 

79 

181 

140 

IIT 

6 

U» 

166. 1 

!*«.] 

M 

09.0 

64 

40 

41.1 

184 

SS 

79 

184 

141 

116 

944 

186.9 

1*6.8 

01 

OS.S 

69 

40 

41 .8 

ISS 

OS 

80 

I6S 

141 

118 

9 

S4S 

I8T.7 

IS7.( 

u 

OS  .9 

06 

90 

4S.4 

186 

90 

81 

186 

148 

119 

6 

946 

188.4 

1*8.1 

« 

04.t 

6T 

SI 

41.1 

187 

07 

81 

187 

143 

180 

1 

947 

18».9 

1*8.8 

06 

09.1 

68 

93 

U.7 

ISS 

9B 

88 

188 

144 

ISO 

6 

948 

IM.O 

1*9.  < 

06 

09.8 

69 

99 

44.4 

■SB 

08 

88 

181 

144 

181 

9 

949 

IM.T 

160.1 

or 

06.4 

TO 

91 

4S.0 

ISO 

99 

SS 

IOI 

HS 

in 

1 

990 

191.9 

160.7 

"08 

or. I 

71 

94 

49.6 

111 

ioo 

"sT 

191 

146 

iu 

8 

SI 

ivn 

ISl.) 

00 

OT.T 

T3 

99 

40.3 

138 

101 

84 

193 

147 

ISS 

99S 

lot. 9 

109.4 

ID 

06.1 

7S 

46.9 

ISS 

101 

89 

lOS 

147 

184 

99* 

19S.6 

109.6 

10 

00.0 

74 

9« 

♦7.6 

lU 

108 

SO 

104 

148 

IS4 

9S4 

194.6 

■OS.) 

09.6 

T9 

48.8 

lis 

■•• 

86 

IDS 

149 

IS* 

996 

196.) 

lOl.i 

13 

10. S 

48.9 

1S6 

104 

87 

106 

ISO 

186 

9S« 

196.1 

104.6 

IS 

10.0 

TT 

40.9 

UT 

104 

88 

lOT 

ISO 

IS6 

937 

106.9 

lOS.i 

11 

li.e 

T8 

90 

90.1 

118 

109 

88 

108 

ISl 

187 

996 

107.6 

I8S.I 

u 

IS.9 

TO 

00 

90.8 

ISO 

106 

80 

100 

ISS 

IS7 

939 

I9B.4 

■OS.* 

19 

18.0 

SO 

61 

91.4 

140 

lOT 

00 

300 

ISl 

138 

960 

199. 9 

107.1 

11 

1S.9 

Tt 

63 

93.1 

141 

108 

00 

SOI 

194 

ISS 

sei 

199.0 

loTi 

n 

Id 

14.1 

83 

63 

98. T 

108 

01 

303 

194 

139 

908 

S00.7 

I6B.4 

SI 

IT 

14. B 

83 

61 

91.4 

14* 

too 

01 

303 

1S9 

130 

Sfl) 

SOI  .9 

109.1 

a* 

18 

19.4 

84 

64 

94.0 

144 

110 

03 

304 

ISO 

131 

304 

109.9 

109.7 

u 

10 

10.1 

8S 

09 

94.6 

149 

08 

309 

I9T 

ISl 

309 

Ml.O 

170.) 

M 

19 

16.T 

86 

09 

SS.S 

146 

03 

806 

19T 

ISS 

866 

103.8 

iri.t 

ti 

SO 

17 .4 

87 

66 

SS.9 

I4T 

113 

04 

SOT 

198 

IS* 

367 

MM  .9 

171.1 

sa 

SI 

18.0 

88 

67 

S6.0 

1-18 

lis 

09 

308 

160 

IS) 

866 

MS.S 

irs.) 

89 

3S 

18.6 

99 

68 

9T.8 

140 

114 

OS 

300 

160 

1)4 

169 

MW.I 

179.1 

10 

St 

10. S 

00 

68 

ST.O 

ISO 

114 

96 

310 

160 

1)9 

970 

^.B 

179.1 

11 

as 

10.0 

01 

60 

98.9 

19t 

m 

07 

toi 

tsT 

871 

807.6 

174.1 

M 

u 

SO.S 

93 

70 

99.1 

193 

116 

07 

313 

163 

1)6 

1 

978 

108.4 

174 .( 

U 

29 

Bl.l 

OS 

71 

90.6 

193 

117 

08 

SIS 

163 

1)6 

S 

87) 

iw.i 

17S.S 

14 

SS 

81. B 

04 

73 

D0.4 

116 

00 

814 

163 

1ST 

6 

974 

^.« 

176.1 

U 

M 

SS.9 

09 

73 

61.1 

199 

lie 

00 

819 

164 

118 

9 

87» 

^.7 

I76.( 

u 

IT 

S3.1 

06 

71 

61  .T 

196 

lis 

100 

816 

109 

138 

B 

976 

Sll.4 

177.4 

» 

38 

SS.6 

07 

74 

08.4 

ISO 

100 

SIT 

166 

ISO 

S 

377 

913.9 

178. 1 

S6 

SO 

S4.4 

08 

63.0 

181 

101 

SIB 

16T 

140 

378 

lis.o 

I78.T 

SB 

30 

89.1 

00 

Ti 

6S.G 

ill 

lOS 

310 

16T 

140 

B 

879 

913  .T 

179.) 

40 

10 

S9.T 

100 

76 

64.3 

183 

108 

880 

168 

141 

4 

980 

Sl4.« 

ISO.t 

9 

11 

96.4 

101 

TT 

64.0 

"ioi 

133 

101 

831 

160 

143 

1 

Ml 

^ 

IS6.I 

4i 

■3 

8T.0 

103 

T8 

69.6 

103 

184 

104 

839 

ITO 

143 

7 

868 

116. 0 

181 .1 

43 

» 

8T.6 

103 

78 

60.3 

163 

1S4 

104 

3S1 

176 

14* 

3 

88) 

ii«.a 

181.0 

44 

SS.S 

lot 

TO 

66.8 

104 

189 

lOS 

834 

ITI 

144 

0 

984 

H7.6 

189.6 

98.9 

los 

BO 

6T.a 

169 

186 

106 

889 

IT3 

144 

6 

989 

118.) 

189.1 

40 

99.6 

100 

61 

68.1 

166 

1ST 

106 

236 

ITS 

149 

1 

886 

119.1 

iBs.e 

16 

SO. 9 

107 

69 

68. B 

167 

13T 

107 

287 

ITl 

149 

0 

S87 

119.0 

18*.  1 

48 

16 

10.9 

lOfi 

69 

G0.4 

108 

138 

108 

£26 

174 

146 

6 

868 

3*0.6 

189.1 

40 

11 

11.6 

100 

SS 

TO.  I 

160 

130 

108 

336 

ITS 

14T 

3 

S88 

191.4 

189. G 

_60| 

38 

S3.I 

110 

S4 

70.7 

170 

130 

100 

330 

116 

147 

8 

890 

138.8 

ie«.< 

SI 

■0 

S9^ 

111 

"ti.s 

131 

100 

331 

ItF 

148 

891 

ISS  .9 

187.1 

aa 

■0 

1S.4 

113 

B9 

73.0 

178 

til 

110 

333 

ITT 

149 

1 

908 

39S.7 

187.7 

as 

94 

40 
41 

14.1 
14. T 

tI4 

87 

73  .B 

73.3 

ITS 
174 

»9 
113 

111 

333 

334 

i;; 

149 

190 

8 

4 

90* 

904 

994.* 
ISt.l 

IBS.) 
189.6 

fid 

43 

19.4 

115 

73.0 

ITS 

114 

119 

33S 

180 

161 

1 

309 

186.0 

189.6 

ac 

4S 

16.0 

tl6 

88 

74.0 

176 

134 

111 

210 

180 

151 

7 

996 

186.7 

IM.I 

a? 

43 

16.6 

117 

sg 

76.3 

177 

ISS 

113 

917 

181 

193 

3 

39T 

387.9 

IM.9 

SH 

44 

IT.l 

lis 

90 

TS.8 

ITS 

136 

238 

188 

193 

0 

996 

296.3 

101.6 

«B 

49 

iT.e 

lib 

91 

T6.S 

1T9 

13T 

119 

319 

IBS 

193 

6 

909 

1S9.0 

109.8 

00 

40 

18.6 

130 

01 

0 

7T.1 

180 

137 

119 

340 

183 

194 

3 

100 

199.8 

ISS.6 

DM. 

Dep. 

L>t 

^ 

D*p. 

Lu. 

DbL 

p^ 

-Es: 

D«t 

s^f: 

uTl 

[Hit 

Dtp. 

I^ 

Ford 

^ 

IIMM 

9^m^ 

^^ 

^^^ 

^^B 

^^m 

■^ 

^^H 

^^m 

^^K 

i^RM 

TABLB  11.                                            m 

OiAmiM  or  Utltud«  Mid  Deportan  for  41  DegreM.                   I| 

DU! 

Lit. 

Dq.. 

DM. 

l4t 

Dq 

p.    Dirt. 

LM. 

Dq. 

IMrt. 

\}^ 

Off. 

Dirt. 

LU. 

D«p. 

00.8 

00.7 

«t 

^«r 

40 

0     191 

"oTt 

79.4 

181 

116.6 

iTO 

■siT 

ibTb 

is8a 

01  .s 

01.1 

OS 

46. 

40 

7    199 

90.1 

80.0 

IBS 

117.4 

119.4 

S4S 

183.6 

168.8 

09.1 

os.o 

« 

4T. 

4) 

3    191 

93.8 

80.7 

181 

ItS.l 

126.1 

841 

181.4 

160.4 

01.0 

09.0 

84 

48. 

49 

0    194 

01.6 

81.4 

184 

118.0 

1I9.T 

944 

184. 1 

lOO.I 

01.8 

-  66 

40. 

49 

0     196 

94.1 

18S 

110.6 

1&I.4 

S46 

IB4.0 

100.7 

04  .G 

66 

49. 

41 

1     190 

OB.I 

82!7 

186 

140.4 

119.0 

846 

185.7 

161.4 

05.3 

04.6 

67 

50. 

44 

0     197 

OS. 8 

8S.1 

187 

141.1 

139.7 

847 

186.4 

188.0 

oe.o 

68 

61. 

44 

6     198 

96.6 

84.0 

186 

141.9 

in.i 

348 

18T.9 

169.7 

00.8 

61 

69. 

.45 

1     190 

9T.4 

84.6 

18B 

149.6 

124.0 

340 

187.0 

161.4 

OT.B 

00.6 

53. 

45 

0     110 

96.1 

85.1 

IBO 

141.4 

134.7 

860 

188.7 

164.0 

08.1 

07.2 

~7T 

5S. 

46 

6     111 

"M:i 

Bt.D 

~m 

144.1 

196.1 

"mi 

189:4 

ISTt 

0».l 

07.8 

73 

54. 

47 

3     113 

09.6 

86.0 

193 

144  9 

196.0 

838 

190.3 

lOB.l 

09.8 

08.B 

71 

53. 

4T 

e   Its 

100.? 

87.1 

191 

143.7 

136.8 

831 

190.0 

166.6 

10.6 

00. S 

74 

SS. 

48 

5     114 

101.1 

87.0 

194 

146.4 

m.i 

364 

191  .T 

166.6 

n.i 

09.8 

T3 

56. 

40 

3     116 

101. 1« 

88.6 

196 

147. 9 

137.9 

363 

199.5 

107.1 

19.1 

le.s 

76 

ST. 

40 

0   lie 

109.6 

80.9 

190 

147.9 

136.6 

366 

191.9 

166.6 

19,8 

11.3 

77 

SS. 

30 

3     117 

101.4 

80.9 

197 

148 .7 

190.! 

367 

194.0 

168.6 

It. 6 

11.8 

78' 

SB. 

31 

3     118 

104.1 

00.3 

198 

149.4 

139.9 

333 

194.7 

160.1 

14.1 

19.5 

TO 

SB. 

31 

8     139 

104.0 

01.9 

199 

ISO. 8 

UO.O 

360 

196.5 

100.9 

SI 

It.l 

80 

00. 

39 

3     140 

105.  T 

01.8 

900 

160.0 

Ul.S 

360 

196.9 

170.6 

SI 

liTi 

11.8 

S3 

1     141 

106.4 

03.6 

901 

161.7 

Ul.fi 

361 

197.0 

171.; 

IS 

le.o 

14.4 

81 

Si 

8     14a 

107.9 

91 .9 

309 

169.3 

113.B 

263 

107.7 

171. 9 

91 

17.4 

IB.l 

8S 

03. 

S4 

3     lU 

107.0 

BB.8 

901 

131.8 

111.3 

sei 

198.5 

173.6 

M 

18.1 

IS. 7 

81 

01. 

S6 

1      144 

108.7 

B4.6 

304 

1B4.0 

111.8 

364 

199.9 

171.3 

M 

18.0 

16.4 

86 

04. 

B     146 

109.4 

BS.l 

903 

1S4.7 

114.6 

363 

aoo.o 

171.9 

96 

ie.6 

17.1 

86 

64. 

SO 

4     146 

110.9 

BB.8 

906 

IBS.  5 

113.1 

366 

300.8 

174.6 

ST 

90.4 

17.7 

87 

63. 

67 

1     147 

UO.O 

96.4 

907 

1S6.I 

IBS  .8 

867 

301.3 

173.3 

98 

91.1 

18.4 

86 

06. 

T     148 

111.7 

97. 1 

»8 

IST.O 

ItB.f 

166 

109.1 

176.8 

SO 

91.0 

10.0 

89 

61. 

SS 

4     140 

1U.6 

97.8 

300 

1S7.T 

117.1 

389 

Ml.D 

176.6 

10 

99  .e 

le.T 

VO 

67. 

39 

0     160 

111.3 

98.4 

310 

ise.5 

I17.B 

976 

»1.S 

177.1 

11 

90.1 

01 

68. 

"w 

1  "161 

114.0 

99:1 

311 

ISB.S 

118.4 

971 

M4,S 

177.1 

IS 

14.x 

31,0 

09 

69. 

60 

4     169 

114.7 

99.7 

911 

160.0 

110. 1 

879 

903.1 

178.< 

u 

94.9 

31.6 

OS 

TO. 

61 

0     169 

116.6 

100.4 

911 

160.8 

IW.7 

971 

106,0 

I79.I 

u 

93.7 

99.1 

B4 

70. 

61 

7     164 

116.9 

101.0 

914 

161.6 

U0.4 
141.1 

874 

m,8 

ir9.( 

u 

30.4 

31.0 

95 

71. 

69 

t     155 

117.0 

101.7 

313 

la.l 

9T« 

107.8 

160.< 

u 

27.9 

91.0 

90 

79. 

6t 

0     166 

117. 7 

109.1 

316 

161,0 

141.7 

976 

808.1 

ISl.l 

»T 

97.0 

94.3 

97 

71. 

61 

0     1ST 

I18.S 

SIT 

169.8 

148.4 

977 

809.1 

181 .7 

38 

98.7 

94.0 

08 

74. 

64 

t     ISB 

110.9 

916 

I64.S 

141.0 

978 

100,^ 

1B8.4 

IB 

99.4 

93.0 

90 

74. 

04 

9     109 

IM.O 

919 

166. t 

141. T 

370 

910.6 

iat.< 

40 

10.9 

90.9 

100 

76. 

6S 

6     160 

190.8 

990 

166.0 

144.1 

380 

lll.l 

181.7 

41 

10. { 

se.B 

lot 

"767 

60 

1     161 

IsTs 

ioO 

uT 

ioO 

uTo 

■5T 

118.1 

iir; 

43 

11 .7 

97.0 

103 

T7. 

66 

9    169 

las.i 

lOO.t 

999 

167,3 

146.6 

388 

tIS.i 

188  < 

41 

19.B 

98.3 

101 

77, 

67 

6     161 

131 .0 

106.9 

981 

168.1 

146.1 

881 

tii.e 

188.1 

44 

11.9 

98.9 

104 

78, 

68 

9     164 

ISS.8 

107.6 

334 

leo.i 

147.0 

884 

314.1 

186.1 

4S 

34.0 

S9.B 

lot 

79, 

68 

9     166 

134.6 

lOB.S 

89S 

lao.B 

147.6 

986 

316.1 

187.1 

46 

14.7 

10.3 

106 

80, 

00 

t     166 

133.1 

10S.9 

996 

iTo.a 

148.1 

ase 

■It. 8 

187.1 

41 

ts.s 

10.8 

107 

80. 

TO 

3    167 

190.0 

109.6 

997 

171.1 

148.9 

987 

118.6 

IB8.I 

48 

H.S 

11. B 

108 

81. 

TO 

9     168 

196.8 

110.9 

398 

m.i 

149.6 

888 

117 .4 

lea.i 

49 

IT.O 

19.1 

100 

8S. 

Tl 

s    too 

197.6 

110.9 

990 

17S.8 

ISO.I 

980 

118.1 

I89.I 

BO 

IS.  6 

110 

81. 

T9 

198.1 

lU.B 

910 

171.6 

160.9 

906 

116.9 

190.1 

"isTb 

"iT* 

111 

81. 

79 

H     171 

199.1 

119.9 

9SI 

174.1 

1S1.3 

991 

119.6 

100.1 

ts 

19.9 

•4.1 

lis 

84. 

71 

3     173 

199,8 

119.8 

919 

176. 1 

139.9 

309 

U0.4 

191.1 

St 

M.O 

U.8 

lit 

BB. 

74 

I      171 

110.6 

111.6 

911 

176.8 

169.9 

901 

891.1 

193.1 

M 

40,8 

IS  .4 

114 

86. 

74 

8     174 

111.9 

114.9 

S14 

176.6 

ISl.S 

904 

131.9 

198.( 

M 

41.3 

te.t 

Its 

86. 

75 

4     176 

ItS.l 

114.8 

SU 

177.4 

1M.3 

8&S 

399.6 

191.S 

M 

49.1 

le.T 

116 

87. 

1     176 

13S,8 

IIB.I 

916 

ITB.I 

iM.e 

806 

181.4 

104.1 

ST 

4S,0 

17.4 

117 

88. 

8     177 

!3I.6 

116.1 

»7 

178.B 

ISO.t 

897 

194,1 

104.i 

«B 

41,8 

■B.I 

118 

89. 

7T 

4     178 

tl4.B 

116.8 

918 

179.6 

166.1 

996 

194.0 

106, S 

as 

«4.S 

18.7 

110 

89. 

78 

1     1TB 

1IB,I 

117.4 

9M 

180,4 

IS6.8 

990 

I9t,7 

106. S 

«o 

43  .t 

19.4 

190 

90. 

11 

T     180 

lis. 8 

llB.I 

940 

181.1 

137 .3 

100 

386,4 

106.8 

?^ 

Drp. 

Lmt 

DStL 

Dep 

lA 

t.    Dirt 

|D«?- 

LU. 

Dirt. 

D.P. 

LU. 

Dirt 

D«p. 

Ut 

H 

^ 

SSSi 





_^ 



^— 

__ 

__ 

ror  * 

V  UK 

[TM* 

^ 

M 

TABI£  II.                                                    1 

lUAnneo  of  Utitndo  ud  Deputore  fcr  49  Dogtec*                     | 

DixJ 

hi. 

D* 

Dlit. 

Lu. 

D^ 

Dlit. 

Ul 

Dep.||DiM. 

Ut. 

Dq>. 

Dte 

Ltt. 

Titp. 

09.7 

00 

ei 

49.1 

40.8 

181 

"mTo 

St.  oil  181 

114 .6 

181.1 

Mi 

ir».i 

161.1 

01  .t 

01 

u 

40.1 

41. t 

ISS 

90.7 

81 

1     IS! 

ISl.l 

191.8 

949 

lTft.8 

161.1 

OS.S 

OS 

01 

46.8 

4S.S 

ISS 

01.4 

at 

■     161 

IH.O 

UB.6 

841 

ise.« 

MI.I 

oi.ol 

OS 

64 

47. 6 

48.8 

1S4 

SS.l 

BS 

0     IS4 

IH.T 

ISS.l 

844 

181  .S 

Ut.: 

OS.T 

« 

61 

48. t 

41.5 

185 

OS.Bl 

61 

6     ISS 

IS7.S 

ISS. a 

946 

189.1 

16*  .t 

04  .S 

04 

66 

40.0 

44.8 

ISO 

B3.6 

84 

ISO 

ISS  .8 

184. S 

946 

189.8 

l«4.< 

OS.] 

•« 

6T 

49.8 

44.8 

187 

04.4 

8t 

187 

IS9.0 

IIS.I 

X4T 

181.6 

lot.: 

oc.g 

oc 

68 

■O.S 

4S.B 

188, 

05.1 

St 

Its 

isg.T 

11S.8 

968 

184  .S 

106.' 

OO.T 

M 

60 

Sl.l 

46.8 

189 

•5.91 

86 

181 

140.6 

198.6 

Sin 

186.0 

186  .< 

07.4 

00 

TO 

ts.o 

40.8 

ISO 

90.6 

87 

190 

141.8 

I8T.1 

MO 

186.8 

isr. 

~iT 

oe.t 

« 

-tT 

SS.B 

47.5 

111 

-»ri 

87 

m 

hTo 

STs 

StI 

186.6 

•8.S 

oe 

TS 

H.l 

40.S 

lis 

98.1 

88 

108 

149.7 

118.  t 

818 

I8T.S 

188 ! 

11 

09.7 

oe 

Tl 

S4.S 

48.8 

tu 

08. bI 

so 

191 

ia.4 

180. 1 

911 

188.0 

100. 

14 

10.4 

00 

T4 

SB.O 

49.5 

114 

99.6 

S9 

104 

144.8 

180.6 

914 

IB8.8 

170. 

111 

11. 1 

;s 

61.7 

SO.S 

lis 

100. S 

90 

19S 

144.9 

ISO.S 

966 

ISS.ft 

I7t. 

16 

11.0 

70 

SS.l 

S0.9 

116 

101. 1 

91 

196 

I4B.7 

lU.l 

ifia 

IM.S 

ITl. 

II. • 

77 

57.1 

tl.S 

117 

101.8 

91 

107 

140.4 

111  .8 

967 

IBI.a 

ITS. 

IS 

IS. 4 

78 

SH.O 

ts.i 

118 

109.6 

93 

198 

14T.1 

ISS. 6 

868 

191.7 

ITS. 

19 

■4.1 

791 

18.7 

ai.o 

lie 

101.1 

Bl 

199 

147.9 

111.9 

ISO 

199. 6 

ITS. 

M 

14.0 

80 

19.  S 

sl.s 

140 

104.0 

01 

SOO 

148.0 

111.8 

860 

19S.9 

174,. 

■1 

is.e 

1i 

"aO 

u.s 

141 

ioTS 

M 

Kl 

149.4 

iiTi 

901 

ID4.0 

174.1 

SS 

10.1 

81 

00.0 

54.0 

148 

106.5 

91 

an 

ISO.l 

IIS.S 

868 

1M.7 

ITS.: 

SI 

17.1 

IS 

81 

61.7 

u.s 

141 

100.1 

95 

801 

iso.g 

116.8 

SOS 

190.4 

IT6.I 

S4 

17.8 

IS 

84 

08.4 

56.3 

144 

107.0 

06 

904 

161 .« 

116.1 

864 

aa.v 

m.! 

SI 

18.0 

la 

8S 

n.s 

56.0 

141 

107. 8 

•7 

aos 

I6S.1 

1*7.8 

865 

108.9 

177. 1 

SI 

10.1 

17 

SO 

n.o 

ST.S 

146 

108. S 

•7 

906 

161.1 

IST.B 

806 

197.7 

178 .1 

87 

SO.l 

■8 

87 

04.7 

•8.8 

147 

109.8 

08 

SOT 

161.8 

1*6.1 

907 

198.4 

178 .1 

SB 

S0.8 

18 

88 

6a.4 

18.9 

148 

110.0 

09 

808 

I64.0 

1*9.9 

908 

109.8 

179.] 

» 

».e 

IS 

80 

66.1 

50.6 

140 

110.7 

99 

809 

IS6.1 

1*0.8 

960 

109.9 

tBO.I 

M 

sa.s 

SO 

00 

eo.o 

00.8 

ISO 

111.6 

100 

810 

168.1 

140.1 

fro 

MM>.« 

186.1 

SI 

tl.O 

so 

"51 

67 .6 

OO.B 

"ill 

118.9 

m 

■in 

166.8 

hTs 

971 

SOI  .4 

isiTi 

ss 

tS.8 

SI 

ss 

«8.4 

61.6 

168 

111.0 

101 

818 

I67.S 

141.9 

S7S 

S09.I 

IBS.t 

u 

S4.t 

ss 

tt 

W.l 

OS.S 

161 

IIS.T 

loa 

911 

IS8.t 

148. S 

9TS 

809.9 

las.T 

u 

st.s 

ss 

8 

M 

«0.S 

as.9 

164 

114.4 

101 

814 

159.0 

14*.] 

974 

IBS  .6 

les.i 

u 

9S.0 

SI 

» 

TO.fl 

•1.6 

156 

11S.8 

101 

Sit 

iso.e 

la.o 

975 

904.4 

184.1 

w 

SS.B 

>4 

Be 

71. 1 

64.8 

IS6 

IIS. 9 

1*4 

816 

160.6 

144.1 

976 

SOS.l 

184.1 

ST 

S7.8 

S4 

07 

78. 1 

64.9 

187 

116.7 

106 

817 

161  .S 

146.1 

977 

806 .0 

ISS.l 

s« 

SS.l 

SS 

08 

73.8 

65.6 

168 

117.4 

106 

818 

168.0 

146  .S 

978 

BBS  .6 

w 

IS 

3B.0 

sa 

OB 

71.6 

Bfl.l 

160 

118.9 

100 

819 

iai.7 

146.1 

979 

BOT.* 

186.1 

40 

SO. 7 

>e 

too 

74. S 

B6.B 

100 

118.9 

107 

890 

I6S.5 

147.8 

860 

SOS.l 

1S7.< 

41 

"wTS 

~sr 

lOi 

TS.l 

67.0 

101 

mTi 

i07 

»s"i 

164.8 

147.0 

"m 

BoTi 

41 

11  .s 

ae 

101 

7S.8 

6e.s 

lOS 

ISO.  4 

108 

9SS 

I6S.0 

IM.6 

883 

B09.6 

les!: 

4> 

ts.o 

ss 

m 

76.S 

68.0 

16* 

ISl.l 

l!S 

881 

163.7 

140.9 

981 

110.1 

189.. 

44 

18.7 

so 

104 

77.1 

«e.o 

104 

181.9 

884 

166.6 

US.S 

984 

1911. 1 

100.1 

4« 

».4 

so 

m 

78.0 

T«.l 

lot 

ISS.O 

110 

886 

167.8 

160.0 

aat 

111.8 

190.1 

4« 

14.8 

so 

iw 

78.8 

70.9 

160 

ISS  .4 

SSfl 

108.0 

131.8 

ISO 

919. S 

191.1 

4T 

S4.I 

■1 

lOT 

79.1 

71.0 

167 

184.1 

897 

168.7 

I5I.9 

887 

81*.9 

199.1 

46 

W.7 

IS 

100 

80.1 

78. 1 

loe 

184. B 

986 

I6B.4 

ISS.6 

888 

914.0 

199.1 

40 

SO. 4 

ss 

1091 

81 .0 

7s.g 

109 

185.0 

890 

1T0.8 

151.9 

989 

814. S 

19B.< 

•ft 

S7.I 

11 

no 

81 .7 

71.0 

170 

I96.S 

910 

170.9 

151.0 

990 

816.6 

194.4 

"ill 

IT. 91 

"m 

"TTT 

BS.S 

74.1 

171 

isTT 

811 

1T1.7 

154.6 

ni 

816.  S 

194.1 

'«Sl 

U.< 

■4 

IIS 

83.9 

74.9 

178 

IS7.8 

818 

ITS. 4 

166.8 

908 

SIT.  6 

191.4 

« 

Sft.4 

u 

111 

S4.0 

TS.O 

171 

138.6 

811 

ITS  .8 

166.9 

903 

817.7 

190.1 

S4 

40.1 

M 

114 

84.7 

7«.l 

174 

199.3 

no 

814 

■Tl.O 

156.6 

994 

818.6 

I9Q.T 

U 

40.91 

U 

IIS 

85.6 

77.0 

175 

110.1 

IIT 

816 

IT4.6 

117.8 

SOO 

810.9 

I9T. 

M 

41.« 

»T 

66.8 

77.6 

176 

110.8 

117 

S16 

ITS  .4 

117.0 

BOO 

19(1,0 

ISS. 

i;t 

■8 

117 

^.0 

78.1 

177 

181 .6 

118 

817 

170.1 

168.6 

sw 

880.7 

108.7 

41.1 

18 

118 

87.7 

79.0 

178 

113 .3 

119 

916 

176. 0 

160.1 

SOB 

881,6 

199.' 

SO 

Hi 

SO 

II» 

88.4 

70. 6 

170 

tlS.O 

119 

989 

ITT  .6 

160.0 

999 

988,8 

800. 

-^ 

J^ 

40 

ISO 

80.8 

BO. 3 

ISO 

111.8 

130 

840 

178.4 

100.6 

SOO 

889.9 

900.1 

s^ 

DepJ 

UfL 

Mrt 

Dep. 

L>t. 

Dlst. 

Dep. 

T=n 

Dirt. 

Dep. 

Lit 

Dirt. 

Dep. 

Lit. 

SB 

F<.r48D«gr««.        1 

TABLE  n. 

m 

DagTMi. 

DiM. 

Lu. 

P»| 

DIM. 

ImL 

IP^ 

n^ 

Lh. 

D«p. 

DM. 

IM. 

D<p. 

Dbt 

■uT 

Dtp 

I 

00 

T 

00.7 

61 

44.4 

416 

IB 

"51 

181 

uSu 

ISS  4 

"sii 

irTs 

uT 

1 

DI 

S 

•1 

64 

4a.i 

49 

19) 

89.S 

ss 

s 

ISS 

III 

194 

943 

177. 0 

106 

» 

01 

1 

09 

0 

6« 

46.1 

41 

111 

9O.0 

as 

0 

188 

lit 

194 

S4S 

177.7 

106 

4 

01 

s 

OS 

T 

64 

4«.e 

4S 

194 

90.7 

84 

6 

184 

1S4 

ISS 

944 

178.6 

166 

01 

M 

7 

4 

01 

4 
1 

65 

66 

4T.S 
48.1 

44 

45 

196 
19( 

91.4 
91,1 

as 

86 

9 
0 

let 

186 

116 

116 

196 
196 

S4t 

S«8 

179.1 
170.9 

167. 
167 

I 

06 

I 

04 

8 

«T 

49.0 

45 

197 

91.0 

86 

6 

1ST 

IM 

197 

SIT 

180.6 

IBB. 

a 

Ofi 

» 

OS 

S 

68 

49.7 

46 

118 

91.6 

87 

1 

188 

117 

138 

sie 

181. 4 

169. 

» 

M 

ft 

OS 

1 

6» 

IO.S 

47 

198 

94.S 

88 

0 

IBOl 

IIB 

198 

948 

189.1 

160 

i» 

07 

1 

06 

8 

TO 

51.) 

4T 

lU 

9S.I 

88 

IB? 

119 

199 

SSO 

189.8 

170. 

11 

«■ 

( 

07 

S 

Tl 

51 .9 

"48 

ISI 

96.1 

SO 

8 

ISi 

119 

iu 

SBl 

ISS. 6 

ifr 

11 

09 

8 

08 

9 

Tl 

sa.T 

40 

in 

96.6 

90 

6 

I9S 

140 

ISO 

m 

164. S 

ITl. 

u 

Oft 

S 

06 

9 

Tl 

51.4 

40 

ist 

9T.S 

09 

7 

IW 

141 

Itl 

SBS 

IS6.0 

ITS. 

l< 

10 

1 

09 

S 

T4 

54.1 

SO 

1S4 

98.0 

01 

4 

IDS 

141 

189 

St4 

185. 8 

ITS 

IS 

11 

0 

10 

9 

'1 

54.9 

51 

lit 

08.7 

93 

1 

IBt 

lU 

ISS 

SIB 

186.6 

ITS 

ie 

11 

10 

0 

TS 

55.6 

II 

lU 

99.6 

09 

B 

IBB 

IM 

ISS 

S56 

187.9 

174. 

i; 

u 

4 

11 

6 

TT 

56  .S 

ts 

in 

100. 1 

OS 

4 

IOT 

144 

IS4 

Sir 

188.0 

ITS. 

18 

1> 

1 

19 

S 

» 

ST.O 

SS 

ISB 

100.9 

04 

I 

IBSl 

144 

ISS 

S5S 

188.7 

176. 

i« 

1« 

• 

11 

0 

T( 

57.8 

ss 

119 

191.7 

04 

8 

19B| 

146 

ISS 

S5BI 

ISO  .4 

176. 

M 
SI 

14 
IS 

ft 

4 

11 

6 

80 
81 

S8.S 

»4 

SS 

146 
141 

169.4 

ioTT 

OS 
06 

a 

s 

100 

Mi 

146 
147 

ise 

960 

961 

190.3 

iwTg 

ITT. 
178. 

13 

le 

1 

IS 

0 

81 

60.0 

u 

149 

10S.9 

00 

8 

103 

147 

117 

ms 

191.6 

178 

n 

16 

8 

IB 

T 

8t 

60,7 

56 

lU 

104.6 

or 

s 

90S 

148 

118 

96S 

199.S 

I7S 

S4 

17 

e 

te 

4 

84 

61.4 

GT 

144 

105  .S 

98 

1 

901 

149 

ItB 

904 

lOt.l 

ISO. 

U 

18 

IT 

0 

es 

69.] 

B8 

1«S 

loe.o 

98 

0 

306 

149 

ItO 

set 

19B.8 

186 

sa 

IS 

IT 

B» 

es.o 

SB 

146 

106.8 

6 

966 

160 

140 

■66 

IM.6 

181. 

»T 

10 

IB 

4 

ST 

68.6 

SO 

147 

107.6 

100 

t 

SOT 

151 

141 

S6T 

105. 1 

ISS. 

S8 

M 

10 

1 

88 

64.4 

M 

148 

166.9 

109 

s 

308 

159 

141 

968 

196.0 

18S. 

M 

11 

19 

89 

05.1 

60 

140 

109.0 

101 

6 

309 

ISS 

I4S 

108 

196.T 

188 

M 

11 

>0 

S 

90 

es.8 

61 

ISO 

100.7 

109 

S 

310 

161 

Itt 

STO 

197.6 

184. 

"IT 

91 

IT 

"T 

oSre 

63 

ISI 

110:4 

ioT 

1 

ITi 

164 

us 

"in 

igs:i 

184. 

M 

IS 

11 

8 

OS 

6T.I 

69 

151 

111.3 

lot 

T 

913 

166 

144 

e   tri 

198.9 

tss. 

U 

14 

» 

S 

n 

«e.o 

6S 

ISl 

111.9 

104 

t 

SIS 

166 

I4S 

S    STS 

190.7 

ISO. 

M 

94 

u 

s 

04 

68.T 

64 

154 

119.( 

lot 

0 

9U 

166 

145 

B    ST4 

109.4 

ISO. 

U 

U 

» 

9 

9S 

n.s 

64 

155 

111.4 

tot 

T 

316 

157 

146 

6    STB 

Hl.l 

IST. 

u 

se 

34 

6 

96 

TO.l 

63 

156 

114.1 

loe 

4 

Slfl 

ISB 

147 

S    STS 

Ml  .9 

isa. 

» 

ST 

IS 

S 

97 

TO.O 

«« 

157 

114.8 

107 

1 

SIT 

158 

148 

6    9TT 

ifs.e 

1S8. 

■a 

ST 

9S 

9 

96 

Tl.T 

66 

158 

115.6 

IOT 

8 

918 

159 

148 

T     9T8 

10S.S 

1S9. 

19 

ss 

M 

0 

99 

T8.4 

67 

159 

116.1 

108 

910 

166 

149 

4     9T9 

104.0 

190. 

40 

so 

IT 

1 

■00 

68 

160 

117. 0 

>90 

166 

ISO 

0     986 

W4.e 

191. 

41 

•« 

98 

0 

101 

"tiTb 

68 

l6i 

IIT.7 

109 

"s 

Sll 

m 

loO 

"an 

S05.B 

101. 

43 

» 

38 

B 

101 

74.0 

60 

163 

1I8.S 

110 

t 

913 

163 

ISl 

asi 

106.] 

109. 

41 

tl 

90 

1 

lot 

T5.I 

70 

163 

IIO.S 

111 

3 

SSI 

tos 

159 

BOT.e 

lot. 

44 

u 

■0 

0 

101 

T6.1 

TO 

164 

IID.D 

111 

8 

914 

lei 

169 

384 

BOT.T 

19S. 

45 

ss 

■0 

T 

105 

76.8 

Tl 

165 

190.7 

US 

6 

S9S 

164 

lit 

S8t 

108.4 

194. 

46 

u 

11 

lOA 

T7.5 

71 

166 

ISI  .4 

HI 

3 

9S6 

166 

154 

S86 

SOO.l 

19t. 

41 

■4 

» 

I 

lOT 

78.1 

Tl 

167 

133.1 

lit 

9 

SS7 

166 

164 

3B7 

SOO.S 

106. 

4t 

u 

11 

loa 

79.0 

Tl 

168 

133.0 

114 

e 

9S8 

166 

Ut 

SBB 

no.e 

190. 

4a 

15 

St 

100 

79. T 

74 

166 

19S.6 

lU 

s 

SS9 

167 

ite 

S8B 

111.4 

197. 

M 

la 

14 

1 

110 

80.4 

76 

170 

194.1 

lit 

0 

sso 

I6S 

156 

ISO 

IIS.I 

19T. 

SI 

IT 

S4 

8 

III 

81.1 

171 

ISS.l 

lie 

e 

9S1 

ira 

IIT 

»i 

113.8 

im: 

SI 

S8 

IS 

• 

lis 

81.0 

T6 

lit  .8 

IIT 

1 

SM 

160 

Its 

1B9< 

IIS.6 

199. 

81 

18 

te 

1 

lis 

ea.a 

TT 

196.t 

118 

0 

311 

170 

IBS 

SOS 

114.1 

109. 

S4 

■» 

16 

8 

114 

8t.4 

T7 

137. t 

118 

I 

SS4 

171 

110 

394 

115.6 

as 

40 

ST 

S 

lis 

81.1 

78 

138.0 

110 

t 

SSI 

171 

160 

S9B 

IIS.T 

Ml! 

u 

41 

IB 

8 

116 

84.8 

79 

138.7 

190 

0 

ISS 

ITS 

lei 

196 

116.5 

101. 

117 

8S.G 

79 

lao.i 

ISO 

T 

3ST 

IBl 

39T 

117.3 

Ml. 

IB 

6 

118 

86.1 

80 

110.3 

111 

SS8 

169 

388 

117.0 

108. 

40 

a 

ItO 

ST.O 

81 

110.9 

133 

1 

SSO 

ITJ 

I6S 

199 

118. T 

lOS. 

so 

41 

t 

40 

9 

120 

8T.8 

81 

8 

180 

111.6 

191 

B 

340 

161 

100 

110.4 

101. 

Diit 

P^ 

&I 

IHM. 

D^ 

Lu. 

DUtlD.^ 

ra 

Diit. 

D^ 

TiT 

i«st 

D^ 

u 

For  47  Df 

■gref* 

9sSi 

aa> 

TABLB  tr. 

BiAnoM  of  latitude  and  Dtpartnra  tar  44  I>egi«e«. 

DitL 

Lu 

Dcp. 

Dkt 

L> 

LD^ 

Dbt 

IM. 

Oep. 

TXMt. 

LU. 

D^ 

Dbt 

Lm. 

De|i. 

00. 

7    00.7 

61 

43 

S    49.4 

TiT 

"eTo 

84.1 

181 

110.9 

116.7 

"iii 

mn 

107. < 

* 

01. 

4    01.4 

Ml 

44 

6   41 

1 

m 

87 

8 

84 

189 

110.9 

IM 

4 

948 

174.1 

108.1 

09, 

1    09.1 

69 

4i 

1    48 

8 

in 

88 

86 

181 

III  .6 

117 

MS 

IT4.8 

100.8 

* 

09. 

R    01.8 

64 

46 

6    44 

IS4 

BB 

86 

184 

131.4 

itr 

8 

944 

ir».» 

■•9.1 

» 

0». 

01.0 

66 

46 

8    4S 

lis 

M 

86 

185 

138.1 

118 

S 

946 

ir«.» 

170.9 

^ 

04. 

04.1 

06 

47 

S    4« 

196 

90 

87 

186 

188.8 

199 

I 

■46 

177.0 

170.1 

1 

04.6 

«T 

48 

9    40 

197 

91 

88 

187 

114.5 

199 

9 

847 

177.7 

171.1 

8 

06. 

00  .e 

68 

48 

0    4T 

198 

98 

88 

188 

IIS.S 

180 

0 

148 

1T8.4 

171.1 

0 

oe. 

06,1 

e» 

40 

6    4T 

llOl 

98 

89 

6     189 

IH.O 

111 

1 

149 

IT9.1 

in.4 

10 

OT. 

06.0 

70 

SO 

4    48 

111 

93 

90 

100 

186.7 

119 

0 

950 

179.8 

ITI.l 

11 

•T. 

OT.fl 

~1\ 

11 

1    4S 

131 

M 

"m 

187.4 

lU 

T 

951 

leo.A 

174.4 

19 

te. 

08.1 

79 

SI 

8    SO 

in 

M 

91 

188.1 

111 

4 

8S9 

181. 1 

ITS. 

11 

w. 

09.0 

TS 

n 

S    SO 

138 

SS 

99 

188.8 

184 

1 

853 

188.0 

17S.1 

14 

10. 

09.7 

74 

51 

8   SI 

184 

SO 

93 

189.0 

IM 

8 

8S4 

181. T 

ir«.4 

19 

10. 

10.4 

n 

0    SI 

18S 

07 

08 

140.8 

lis 

5     SS5 

181.4 

ITT. 

IS 

11. 

11. 1 

n 

I    59 

186 

07 

04 

141.0 

IM 

8    VU 

184 .» 

177.e 

IT 

11. 

II. e 

n 

4    58 

IIT 

96 

06 

141.7 

IH 

8 

9ST 

184.9 

irs.s 

18 

11. 

19. s 

78 

SO 

1    S4 

188 

09 

OS 

(     106 

149.4 

iir 

5 

168 

180.0 

m.i 

IS 

II. 

11.9 

TB 

56 

8   S4 

lis 

100 

sa 

lOB 

141.1 

118 

1 

US 

I8e.t 

179.1 

M 

M. 

11.0 

57 

S    SS 

140 

100 

ST 

800 

141.9 

IM 

S 

860 

I87.( 

IW.I 

SI 

u. 

14.6 

Ti 

58 

1  S6 

141 

101 

97 

"801 

144.6 

lis 

6 

861 

187 .7 

isTt 

II 

IS. 

11. 1 

89 

BS 

•  « 

149 

101 

S8 

■08 

14S.8 

140 

1 

809 

188.6 

IBt.l 

» 

1«. 

lo.o 

88 

ss 

7   57 

149 

101 

SB 

Ml 

146.0 

141 

0 

9«3 

IB9.» 

189.7 

M 

IT. 

16.7 

84 

60 

4   88 

144 

101 

100 

KM 

146.7 

141 

7 

SOI 

180. gi 

in  .4 

IS 

18. 

17.4 

8« 

61 

1    50 

145 

104 

100 

90S 

I4T.S 

141 

4 

865 

190.S 

184.1 

M 

18. 

18.1 

86 

61 

S   SO 

146 

105 

101 

906 

118.1 

143 

866 

191. 1 

184.1 

IT 

IS. 

18.8 

87 

69 

6   60 

UT 

106 

109 

SOT 

148.9 

143 

8 

S6T 

198. 1 

189.1 

M 

10. 

19.0 

88 

03 

1    61 

148 

106 

109 

308 

140.6 

144 

5 

868 

198.81 

180.1 

M 

90. 

90.1 

80 

64 

0    61 

140 

107 

108 

100 

150.8 

145 

8 

MS 

191.5 

ISO.I 

ao 

II. 

90.8 

90 

64 

7   69 

160 

107 

104 

810 

151.1 

145 

9 

170 

■94.8 

187. < 

81 

n. 

II  .S 

91 

6a 

S   68 

15] 

108 

104 

III 

151.8 

146 

6 

971 

194.9 

imTi 

M 

n. 

It.l 

99 

06 

153 

109 

IBS 

313 

151.5 

147 

1 

ajt 

195.7 

188.! 

U 

tt. 

19.9 

S3 

66 

0    64 

151 

110 

106 

311 

153.3 

148 

0 

271 

106.4 

189.4 

M 

M. 

S1.6 

94 

67 

0    65 

154 

110 

107 

214 

151.0 

148 

T 

274 

19T.I 

190.1 

U 

M, 

94.1 

95 

68 

1    66 

155 

HI 

107 

SIG 

154.  T 

149 

4 

976 

19T.8 

IBl.I 

M 

U. 

ss.o 

06 

60 

1    66 

ISO 

111 

108 

216 

156.4 

150 

0 

976 

198.5 

191  .T 

9«. 

9S.T 

97 

69 

8    6T 

I6T 

111 

109 

217 

156.1 

150 

7 

977 

199.9 

199.' 

10 

97. 

98. 

16.4 
97.1 

00 

TO 

5    68 
1    68 

158 

ISO 

113 
114 

109 
110 

218 
210 

160,8 
1B7.G 

151 
132 

1 

978 
970 

MO.O 
300.7 

199.1 

191  .e 

98. 

97. B 

100 

9    69 

lis 

290 

ltS-3 

162 

980 

301.4 

194  .<i 

1i 

90. 

96.6 

"iol 

"t9" 

T    70 

Ifli 

991 

isy.o 

153 

■5 

!B1 

801.1 

isTi 

a 

to. 

9».l 

109 

Tl 

4    TO 

169 

m 

112 

222 

1S9.7 

164 

2 

983 

301.0 

190.1 

4S 

SO. 

90.B 

108 

1    71 

161 

IIT 

113 

993 

160.4 

154 

0 

983 

901.6 

lOO.C 

44 

11. 

SO. 6 

104 

8    79 

164 

118 

111 

934 

161.1 

15S 

6 

984 

304.1 

197.8 

41 

39. 

>1.I 

105 

TB 

163 

118 

114 

995 

161.0 

156 

8 

985 

305.0 

198.1 

46 
47 

U. 

IS. 

19.0 
S9.6 

106 
107 

TO 
T7 

■    T3 
0    T4 

106 
I6T 

110 
190 

115 

lie 

190 
937 

161.8 
161.3 

187 

147 

7 

986 

M5.7 

198.1 
199.. 

967 

306.S 

48 

14. 

11.8 

108 

77 

7    T6 

168 

190 

116 

938 

104.0 

■SB 

988 

307.3 

900. 

40 

15. 

M.O 

100 

78 

4    TS 

16S 

ISl 

117 

929 

104.7 

130 

389 

307.9 

aoe.i 

SO 

u. 

14.7 

110 

TO 

1    T6 

170 

193 

930 

16S.4 

139 

8 

900 

308.6 

Ml.l 

51 

16. 

85.4 

111 

TB 

8    77 

ITl 

111 

US 

2S1 

106.2 

160 

6 

391 

309.1 

9«: 

t2 

86.1 

113 

80 

0    TT 

IT2 

113 

119 

933 

106.0 

161 

2 

292 

310.0 

901.1 

SI 

18. 

16.8 

111 

81 

3    78 

ITl 

134 

120 

933 

167.6 

161 

9 

193 

310.8 

901.1 

S4 

18. 

17.5 

114 

89 

0    79 

IT4 

120 

231 

168. S 

161 

6 

294 

311.5 

804.: 

S5 

19. 

36.9 

115 

89 

7    TO 

ITS 

123 

121 

235 

169.0 

163 

2 

195 

319.9 

WM.t 

Sli 
6T 

40. 
41. 

18.0 
S9.6 

lie 

IIT 

S3 
81 

4    BD 
9    HI 

170 
ITT 

126 
197 

122 
123 

236 
237 

169.8 
1TB. S 

163 
IS4 

0 
0 

296 
297 

319.0 

ais.o 

906  .< 
906.1 

58 

41. 

40.1 

118 

84 

9   83 

1T8 

128 

121 

238 

165 

1 

298 

314.4 

907.1 

B9 

41. 

41.0 

tl9 

85 

6    89 

ITO 

121 

230 

171.0 

IGG 

0 

299 

315.1 

907.7 

M 

41. 

41.7 

190 

86 

3    83 

180 

139 

I2.S 

210 

173.6 

166 

7 

300 

315.  F 

90S.4 

Wrt, 

Dn. 

L^ 

DU. 

De, 

Di.t 

Sj. 

-Es: 

DM. 

IJep. 

1^ 

Dixt 

Dep. 

I^. 

For  46  Desreea. 

TABLE  II. 

..II 

Degree*. 

II 

3bt 

Ut 

^ 

DiH. 

uT 

D«p. 

Kit 

Lat. 

Dep. 

DiM. 

IM. 

Dep. 

Dill. 

IM. 

DepJ 

i 

W.T 

TTt 

01 

48.1 

4S.I 

Isi 

ssTa 

86.6 

TsT 

sn 

iaal 

"iii 

tTO.4 

itOI 

s 

01.4 

01 

89 

48 

41 

e 

m 

86 

1 

86 

189 

lae 

T 

198 

7 

171 

ITI 

■ 

oa.i 

01 

OS 

44 

44 

6 

191 

87 

87 

181 

180 

4 

199 

171 

171 

* 

oa.e 

oa 

64 

4S 

4S 

1 

184 

87 

87 

184 

ISO 

I 

ISO 

179 

179 

■ 

0S.6 

01 

OS 

46 

46 

0 

ISB 

88 

88 

186 

ISO 

8 

110 

941 

171 

171 

9 

s 

04.1 

04 

86 

46 

46 

T 

186 

80 

SO 

180 

111 

6 

111 

946 

171 

171 

9 

T 

04.S 

•4 

8T 

47 

47 

4 

187 

89 

B9 

187 

1S9 

9 

118 

847 

174 

1T4 

7 

8 

OS.T 

06 

68 

48 

48 

1 

188 

90 

00 

188 

tS9 

91 

118 

848 

176 

176 

* 

06 

60 

48 

48 

8 

tag 

91 

01 

180 

ISS 

a 

111 

940 

178 

176 

1 

la 

ot!i 

07 

TO 

40 

49 

S 

IK 

91 

91 

100 

114 

s 

114 

930 

170 

176 

8 

~n 

"of 

~n 

SO 

60 

a 

III 

m" 

7 

98 

"iw 

ISS 

T 

116 

361 

m 

177 

6 

It 

oe.s 

08 

n 

u 

60 

0 

188 

•1 

1 

98 

198 

Its 

8 

Its 

SC3 

178 

ITS 

a 

» 

».* 

09 

11 

n 

61 

6 

Its 

04 

0 

94 

I9S 

ISO 

1 

IM 

8S8 

178 

178 

9 

14 

M.0 

09 

T4 

69 

«9 

S 

1S4 

04 

e 

94 

194 

IM 

117 

as4 

179 

179 

6 

u 

lo.e 

10 

TS 

SS 

St 

0 

Its 

OS 

6 

96 

196 

187 

117 

93S 

ISO 

180 

1 

18 

n.i 

TO 

S3 

SS 

7 

IS6 

06 

8 

90 

106 

188 

lis 

9S6 

181 

181 

I* 

W.O 

18 

77 

S4 

64 

4 

117 

06 

0 

96 

197 

ISO 

119 

957 

181 

181 

18 

19.7 

18 

78 

n 

BS 

8 

ite 

07 

6 

97 

108 

140 

140 

9S« 

169 

189 

191 

13.4 

11 

TO 

SS 

fiS 

9 

189 

08 

8 

98 

too 

140 

140 

9C9 

IBS 

18S 

M 

14.1 

14 

80 

S6 

BO 

6 

146 

98 

0 

99 

909 

141 

141 

160 

IBl 

IBS 

ai 

~14.8 

14 

81 

67 

«" 

S 

141 

99 

7 

99 

801 

U9 

149 

"961 

184 

IH 

0 

n 

16. « 

is 

88 

68 

68 

0 

141 

100 

4 

100 

909 

148 

143 

969 

186 

186 

n 

16.1 

10 

SI 

68 

SB 

7 

141 

101 

t 

101 

801 

143 

143 

901 

186 

186 

0 

H 

17.0 

IT 

81 

69 

S9 

4 

144 

101 

8 

101 

804 

144 

144 

864 

186 

186 

U 

IT.T 

IT 

SS 

60 

M 

1 

146 

109 

6 

108 

80S 

t4S 

146 

866 

187 

187 

an 

1B.4 

18 

86 

60 

M 

8 

146 

■OS 

a 

i<o 

900 

14S 

146 

866 

ISS 

188 

» 

■0.1 

10 

87 

61 

61 

S 

147 

lOS 

0 

103 

907 

146 

140 

967 

IBS 

188 

as 

10. 8 

10 

se 

03 

OS 

9 

148 

104 

104 

90» 

147 

147 

868 

1B9 

180 

aoi 

ao.s 

80 

SO 

69 

63 

9 

1491 

106 

4 

800 

147 

147 

860 

190 

100 

w 

81.3 

91 

00 

as 

63 

6 

160 

106 

2 

106 

810 

148 

148 

870 

190 

190 

It 

31 .0 

81 

-01 

04 

04 

t 

ISl 

100 

100 

311 

140 

871 

IBl 

191 

la 

88.8 

88 

03 

66 

«5 

168 

107 

197 

819 

149 

149 

878 

198 

198 

u 

as.) 

81 

91 

66 

8 

1S3 

108 

108 

811 

ISO 

ISO 

871 

I9S 

191 

14 

34.0 

84 

04 

06 

60 

B 

164 

108 

1 

108 

914 

161 

151 

974 

IDS 

191 

u 

84.7 

84 

K 

07 

07 

a 

165 

109 

6 

100 

9IS 

152 

153 

975 

101 

194 

M 

8S.S 

U 

06 

07 

07 

9 

I&6 

110 

1 

110 

816 

162 

1S3 

976 

IBS 

196 

IT 

M.8 

ae 

07 

oe 

B8 

6 

167 

111 

111 

817 

163 

ISl 

977 

IDS 

194 

*8 

86.0 

08 

GO 

3 

158 

111 

7 

111 

81» 

154 

154 

978 

190 

S9 

87.6 

90 

0 

159 

113 

118 

819 

154 

270 

197 

40 

88. a 

88 

100 

70 

7 

160 

111 

111 

880 

ISS 

166 

880 

198 

198 

41 

8V.0 

T\ 

"4 

III 

"a 

113 

321 

166 

ISO 

881 

198 

IM 

43 

SO.T 

ao 

108 

73 

101 

114 

6 

114 

222 

157 

167 

889 

100 

199 

a 

10.4 

30 

103 

73 

8 

116 

3 

IIS 

22S 

157 

157 

881 

300 

WO 

44 

■I.I 

31 

104 

73 

ISl 

116 

0 

110 

334 

158 

168 

884 

106 

WO 

8 

41 

11.8 

31 

105 

74 

8 

165 

116 

7 

no 

225 

169 

ISO 

88S 

101 

m 

46 

13. S 

33 

106 

76 

0 

166 

117 

4 

117 

226 

159 

IS9 

886 

109 

303 

3 

47 

St  .3 

■  3 

107 

76 

7 

167 

118 

118 

337 

ISO 

100 

887 

102 

308 

48 

».e 

11 

108 

70 

4 

168 

118 

i 

118 

8 

338 

101 

101 

S8> 

103 

301 

4» 

14.6 

34 

109 

77 

169 

no 

5 

110 

6 

339 

1GI 

161 

»M 

304 

M 

IS. 4 

IS 

110 

77 

8 

170 

130 

8 

120 

8 

330 

162 

103 

901 

105 

306 

SI 

»6.1 

"io 

S 

171 

130 

130 

9 

331 

183 

801 

106 

SI 

S6.8 

16 

113 

3 

173 

131 

< 

131 

6 

333 

164 

l«4 

803 

106 

17 .( 

US 

79 

0 

171 

laa 

3 

138 

1 

83S 

Iftl 

104 

90S 

107 

W.8 

114 

80 

6 

174 

lai 

0 

181 

0 

834 

165 

105 

904 

207 

U 

18.0 

IB 

3 

17! 

121 

181 

7 

93S 

906 

108 

208 

56 

M.( 

ID 

lit 

83 

0 

134 

121 

4 

106 

166 

390 

100 

209 

S7 

40 

83 

B9 

7 

177 

125 

1 

I2S 

a 

217 

107 

297 

110 

210 

0 

66 

41 

IK 

83 

83 

4 

178 

126 

s 

136 

9 

238 

10S 

398 

110 

110 

Gl 

41.7 

41 

84 

1 

179 

126 

G 

136 

6 

230 

160 

109 

399 

111 

211 

48.4 

42 

Im 

84 

84 

180 

127 

3 

137 

1 

240 

160 

160 

too 

318 

218 

ijbt 

D^. 

I7l 

D»t. 

Dec 

^r 

^i 

Dep. 

La.. 

Dial 

D^: 

Lat. 

Dist 

Dep. 

T=:i| 

For  46  Degree*.    || 

n 

TABLE  III. 
HBIUMOMAI.  PARTt. 

H 

0- 

T" 

a- 

^ 

z 

ft. 

fr^ 

7^ 

W 

9* 

lo- 

u* 

ia 

W= 

14 

M 

• 

M 

ISO 

ISO 

34< 

~m 

■Si 

tti 

« 

■ua 

ws 

M4 

-TiS 

"tS 

Mi 

• 

1 

ei 

Ul 

181 

341 

SOI 

sa^ 

4SS 

481 

S4I 

604 

66S 

716 

788 

SSO 

1 

s 

M 

199 

.181 

341 

■03 

S6I 

4S9 

484 

■44 

60S 

66S 

T37 

TSO 

86t 

S 

■ 

ei 

tsi 

IBS 

Ml 

(OS 

SM 

4S4 

485 

■4S 

660 

66T 

738 

796 

859 

3 

4 

M 

194 

184 

944 

>«4 

•6S 

4SS 

486 

■46 

60T 

661 

TSO 

T»l 

869 

4 

• 

86 

199 

IBS 

34« 

SOS 

166 

4S0 

4ST 

■47 

608 

TSe 

709 

864 

• 

e 

m 

191 

180 

346 

S06 

t6T 

4ST 

488 

■48 

SOO 

CT< 

TSI 

7«S 

8ftS 

• 

T 

m 

197 

I8T 

S4T 

lOT 

S68 

4S8 

480 

549 

610 

B71 

TSI 

794 

BM 

7 

B 

88 

198 

IS8 

348 

108 

■60 

4S8 

400 

■CO 

611 

•73 

7S4 

70S 

8sr 

S 

• 

« 

190 

188 

340 

too 

ITO 

4S« 

^ 

551 

619 

6T1 

TSS 

706 

8sa 

• 

15" 

10 

~n 

Tio 

Tw 

ISO 

ITo 

STI 

4SI 

491| 

•5^ 

61S 

6T4 

TI6 

T97 

»fl 

10 

II 

II 

Tl 

Ml 

101 

Ul 

III 

srs 

4S* 

408 

SSS 

614 

OTS 

TIT 

796 

86« 

11 

1) 

IS 

TS 

IS] 

109 

as9 

S13 

STS 

4St 

494 

■54 

615 

6T8| 

TIB 

709 

861 

19 

II 

IS 

TS 

IH 

lOS 

US 

Sit 

■T4 

4U\ 

495 

MB 

616 

«TT 

TI9 

ess 

IS 

14 

14 

T4 

114 

lft4 

U4 

SH 

STS 

tu 

498 

■56 

61T 

678 

T40 

801 

861 

14 

U 

IS 

TS 

ISS 

m 

SU 

SIS 

■T6 

i%a 

497 

■■7 

618 

679 

T41 

BOS 

8S« 

IS 

U 

IS 

T« 

1S8 

106 

ue 

iiei 

STT 

4^T 

496 

■SB 

611 

680 

T43 

BOS 

MS 

1« 

IT 

IT 

TT 

1ST 

ItT 

»T 

SIT 

STB 

4^8 

490 

■■9 

698 

681 

T4S 

8H 

866 

17 

18 

18 

Ti 

ISS 

106 

SSS 

ll« 

STS 

4^0 

SOO 

■60 

691 

683 

T44 

BS5 

SOT 

IB 

10 

IS 

Tg 

ISO 

100 

SSS 

111 

S80 

440 

■01 

561 

68S 

T45 

BOS 

808 

M 

M 

SS 

8« 

MO 

^900 

166 

SSS 

"m 

~s« 

Ira 

« 

■Si 

T46 

In 

MV 

M 

tl 

ai 

81 

141 

»l 

tei 

SSI 

183 

tea 

■M 

694 

•8S 

T4T 

808 

8T0 

SI 

S) 

at 

8S 

149 

909 

909 

S3t 

981 

44^ 

5S4 

SOS 

695 

681 

748 

809 

871 

l> 

SI 

sa 

8S 

14S 

909 

SOS 

SSS 

184 

444 

SOS 

560 

096 

688 

T49 

SIS 

en 

s» 

M 

M 

84 

144 

904 

364 

SS4 

IBS 

443 

■00 

■67 

69T 

689 

750 

811 

678 

S4 

ss 

U 

8S 

14S 

905 

SSS 

S3B 

ISO 

446 

■OT 

566 

098 

690 

TSI 

819 

874 

IS 

90 

M 

88 

148 

900 

900 

ssg 

SST 

508 

560 

090 

001 

TSI 

819 

BTS 

M 

37 

ST 

ST 

I4T 

SOT 

967 

937 

988 

500 

570 

OSl 

603 

TSI 

BIS 

876 

S7 

SB 

S8 

88 

148 

368 

S38 

980 

440 

510 

STI 

6SS 

609 

TS4 

816 

877 

98 

99 

SO 

89 

140 

SSO 

369 

ISO 

■00 

450 

511 

$T9 

OSl 

604 

765 

SIT 

BTI 

98 

JO 

>e 

SO 

ISO 

"iis 

"970 

SSI 

101 

451 

oil 

STS 

694 

005 

756 

BIB 

879 

SI 

SI 

01 

151 

Sll 

S71 

SSS 

109 

459 

s» 

■74 

6SS 

606 

I$7 

819 

B80 

11 

■9 

IS 

OS 

ISI 

SIS 

371 

SSS 

SOS 

4S3 

S14 

S7a 

630 

607 

T3B 

899 

B8S 

S3 

» 

ss 

OS 

ISS 

Sll 

S7I 

SS4 

S04 

454 

SIS 

576 

63T 

606 

TSO 

8S1 

•8S 

SS 

■4 

S4 

94 

m 

su 

Ki 

ui 

■05 

455 

S16 

577 

63B 

606 

TOO 

8SS 

884 

S4 

IS 

SS 

OS 

lU 

SIS 

975 

SS6 

soe 

456 

SIT 

578 

SSO 

TOO 

TOl 

SU 

885 

SS 

M 

S6 

06 

ISO 

Slfi 

376 

99T 

SOT 

457 

SIB 

579 

640 

TOl 

TSS 

8S4 

BS6 

se 

ST 

ST 

147 

S17 

S7T 

198 

soe 

458 

519 

580 

641 

TOS 

163 

6S5 

B8T 

17 

IB 

SB 

08 

ISB 

318 

978 

9S« 

soo 

450 

SSO 

581 

643 

TOS 

764 

836 

BBS 

IS 

»0 

SO 

ISO 

910 

ST9 

840 

400 

460 

S91 

ses 

641 

704 

765 

SST 

SSG 

IB 

'<0 

lo' 

"ioo 

160 

~no 

~9i5 

S4I 

401 

~4«l 

szs 

S83 

644 

TOS 

766 

■^ 

890 

40 

41 

lot 

161 

S91 

IB) 

S43 

403 

409 

S91 

584 

645 

TOO 

7BT 

830 

891 

41 

43 

4S 

IDS 

169 

BS9 

9B3 

S4S 

403 

461 

534 

SSS 

646 

TOT 

768 

810 

89S 

41 

4S 

41 

loa 

les 

sss 

IBS 

144 

404 

464 

S2S 

B80 

•4T 

TOS 

760 

831 

899 

41 

44 

44 

104 

164 

SS4 

984 

S4S 

4DS 

405 

SSO 

SST 

S48 

TOO 

no 

819 

894 

44 

41 

4< 

104 

les 

SSS 

3BS 

140 

406 

466 

SST 

$86 

640 

TIO 

TTI 

611 

SM 

45 

4e 

46 

log 

106 

SSS 

SSO 

S47 

40T 

467 

$98 

■89 

650 

Til 

TTS 

814 

896 

46 

4T 

47 

107 

167 

SS7 

S67 

S48 

408 

468 

SSO 

SOO 

651 

Tli 

TT3 

SU 

SOT 

47 

48 

48 

IDS 

168 

SS8 

96B 

140 

409 

460 

$■0 

501 

6Si 

711 

TT4 

816 

808 

48 

49 

40 

100 

169 

SSO 

980 

410 

470 

SSI 

593 

653 

714 

TTO 

817 

809 

4* 

SO 

SO 

110 

170 

330 

900 

"ssl 

411 

471 

flS9 

SOS 

0S4 

715 

■m 

"bm 

"900 

$0 

«l 

SI 

111 

171 

311 

901 

SS9 

413 

47S 

SU 

S9i 

OSS 

716 

T78 

819 

901 

SI 

S9 

SS 

US 

179 

SIS 

909 

SSS 

418 

4T« 

SS4 

S9S 

OSO 

717 

779 

840 

909 

89 

ss 

ss 

Its 

171 

811 

90S 

SS4 

414 

4T4 

BU 

$96 

718 

T80 

B41 

901 

U 

S4 

114 

174 

314 

904 

SSS 

41S 

476 

$16 

$97 

OSS 

719 

T81 

849 

904 

$4 

ss 

SS 

tis 

ITS 

31$ 

SOS 

SS6 

416 

4T7 

SST 

$98 

OSO 

790 

TSS 

841 

oos 

U 

nt 

Sfl 

110 

tTO 

SM 

SOS 

SST 

417 

478 

SSS 

SOS 

060 

T9I 

781 

844 

906 

$6 

67 

ST 

IK 

ITT 

9S7 

997 

SSS 

4ie 

4Tfl 

SSO 

600 

661 

ISI 

784 

845 

OOT 

57 

SB 

GB 

lie 

ITS 

2S» 

906 

ssg 

416 

4B0 

$40 

601 

069 

T3S 

785 

840 

98E 

$8 

to 

UK 

IT9 

310 

900 

900 

430 

481 

S41 

609 

661 

734 

786 

847 

L?5? 

■9 

M 

0- 

1^ 

2^ 

■8^ 

1^ 

5^ 

6- 

7^ 

8- 

9- 

1& 

Il- 

12* 

^ 

m 

H 

b,  Google 


64 

TABLE  ni. 

MBKIDIOHAL  PAKTt. 

s^ 

^ 

^=^ 

30-1  31- 

W^ 

^^ 

34^ 

35- 

36- 

sr 

3^ 

11 

ISM 

I7SI 

IBIO 

9028 

8100 

8171 

uH 

^li 

-not 

2468 

lees 

I7« 

1811 

9010 

8101 

81T1 

8816 

2110 

3191 

S4T0 

tese 

ITM 

183) 

IBOI 

2011 

810! 

3174 

8817 

3190 

8195 

8471 

III8T 

ITSt 

ISM 

9012 

8101 

3176 

8818 

2132 

8196| 

S4T9 

isse 

iTse 

I8H 

1961 

90(1 

8101 

21 T6 

3349 

8121 

8198 

84T9 

1660 

1T5T 

188B 

1964 

8014 

8106 

8178 

8850 

8134 

3199 

34T5 

1«M 

1T56 

1896 

1969 

lots 

8107 

81Tg 

8853 

3135 

3100 

347B 

l»l 

iTse 

189T 

IB66 

SOIT 

8108 

8180 

8851 

9197 

3401 

3477 

IBM 

1T60 

1890 

1808 

1967 

8016 

3161 

3891 

9198 

9401 

S4TB 

1604 

IT6I 

1810 

1800 

1B60 

8010 

8110 

8163 

8355 

3339 

3404 

9480 

Tm 

1769 

I8II 

IBOO 

im 

9O40 

2111 

8184 

8857 

8310 

'1405 

X4BI 

1606 

1T64 

1812 

IBOI 

IBTl 

9041 

8111 

8186 

8898 

8112 

3106 

94S3 

1607 

IT6S 

18)1 

1009 

IWi 

9D4I 

8114 

SI  86 

3959 

2111 

8106 

3461 

It 

1608 

1766 

1814 

1901 

IBTl 

9044 

8115 

8187 

3360 

2134 

8109 

9485 

H 

1600 

ireT 

1815 

lOOS 

1BT4 

S043 

8116 

2188 

3361 

8315 

3410 

3486 

IS 

ITOO 

1768 

I8S7 

1906 

19T6 

9046 

3117 

2190 

2361 

3317 

8111 

2487 

le 

ITOI 

1760 

IBIS 

lOOT 

19TT 

2047 

8119 

9191 

3964 

2338 

3113 

3499 

IT 

ITOl 

■  770 

isto 

1908 

1BT8 

9048 

8120 

8192 

3365 

2330 

8414 

34W 

18 

ITM 

1778 

IH40 

1009 

1070 

20SO 

8121 

2191 

3366 

8310 

8419 

3491 

19 

ITOS 

1841 

lOIO 

1080 

3051 

8182 

8191 

8368 

8312 

8116 

3403 

ITOfl 

"m< 

lOWl 

-mi 

9121 

lIoS 

Im^ 

-»a 

3118 

3494 

31 

nor 

1774 

I8U 

lOIS 

1981 

2051 

9125 

9197 

33T0 

3144 

311 B 

**M 

as 

1708 

1776 

1813 

1914 

1084 

2054 

2126 

3198 

S3TI 

3115 

3120 

8490 

S) 

1700 

1777 

1846 

1915 

1085 

805« 

9187 

3109 

83T3 

8310 

3183 

3498 

u 

1711 

1778 

1841 

1916 

IBSfl 

905T 

8300 

3271 

2118 

3183 

8199 

M 

» 

1712 

1780 

1848 

1917 

108T 

9058 

3120 

3303 

3375 

211B 

3481 

3500 

*5 

M 

I71J 

1T81 

1849 

1918 

1088 

205B 

9111 

3201 

3276 

2150 

3185 

3601 

36 

n 

17  U 

1788 

1850 

1920 

1900 

8OG0 

9113 

9301 

3877 

8151 

3187 

3501 

*7 

98 

17  IS 

178S 

1852 

1921 

1901 

9001 

9119 

9905 

88T0 

8163 

3488 

2MW 

S8 

sg 

1718 

1784 

IB53 

loaa 

1BB9 

9061 

,9114 

8907 

9880 

81B4 

248^  ssoa 

»| 

sv 

1T17 

1786 

18S1 

1981 

lew 

9004 

8115 

9308 

9981 

8156 

8410  SSOfl 

^0 

(1 

1T18 

1786 

18S5 

1031 

loot 

8065 

9117 

9909 

9988 

use 

8118  9508 

•I 

M 

ITM 

1787 

1856 

1095 

leos 

8000 

9138 

9910 

9981 

3136 

3411  3500 

ts 

U 

1T21 

1789 

1857 

109T 

30ST 

9110 

9311 

9986 

8UB 

8414  8910 

38 

14 

iT»a 

1790 

IB6B 

1938 

9009 

9110 

9311 

9986 

3160 

3415  8919 

■4 

U 

1T» 

1791 

1660 

1999 

1900 

9070 

9111 

9914 

9987 

3M1 

8117  89 11 

» 

U 

17*1 

1799 

1861 

1930 

IDOfl 

8071 

8141 

23IS 

9988 

8M1 

8418  3914 

16 

ST 

1785 

iToa 

186! 

1911 

8001 

90TS 

9144 

9916 

9900 

3164 

811U  S5la 

17 

18 

1726 

179J 

1861 

1919 

9008 

9071 

9146 

9917 

9301 

3M9 

8110^  8517 
8113!  8918 

38 

>g 

1787 

iToa 

I8M 

1914 

8004 

8076 

9146 

9910 

9903 

8360 

39 

40 

iTio 

1797 

1865 

1915 

900S 

8076 

9U7 

~ni5 

-95w 

«« 

'2111 

8610 

40 

41 

17W 

1798 

1866 

1936 

8006 

90TT 

9149 

9991 

99DS 

■363 

3114 

2321 

41 

4a 

1711 

1T99 

1808 

1017 

800T 

80T6 

8160 

9933 

8370 

8445 

3939 

48 

4S 

1712 

IBOO 

1869 

1918 

1008 

80TB 

8161 

9931 

3307 

3371 

8117 

8531 

41 

44 

im 

1801 

18TD 

1919 

1010 

8080 

8152 

9935 

3308 

3371 

8418 

9581 

44 

4a 

ITM 

IBOS 

IBTl 

1041 

1011 

9069 

9151 

8336 

8900 

9174 

8440 

2936 

45 

46 

I7M 

1801 

I8T9 

tois 

1019 

8063 

81SS 

3837 

8101 

9176 

94SI 

3937 

46 

4r 

1716 

1805 

IBTl 

1041 

8011 

80S4 

816B 

3103 

9176 

9499 

1588 

41 

48 

1718 

1806 

1875 

1014 

8014 

8089 

81ST 

8810 

810S 

8178 

8451 

3610 

48 

40 

KM 

1807 

1876 

1045 

9019 

8086 

8158 

9811 

3304 

817B 

8451 

3511 

49 

SO 

1740 

1808 

I8TT 

1046 

"lOlI 

lOSB 

8ise 

8818 

noe 

3380 

8456.  8912 

80 

SI 

1741 

1800 

18T8 

1048 

3018 

aose 

8161 

9811 

910T 

■161 

91ST 

■911 

91 

n 

1749 

1810 

1870 

1040 

90IB 

aoM 

9169 

■839 

2108 

UBS 

94S» 

3916 

S3 

n 

174S 

1811 

1880 

lOSff 

8090 

8091 

9163 

9936 

9100 

■384 

34S9 

9916 

93 

S4 

1T44 

18IS 

1881 

1M1 

SOtl 

8009 

9164 

881T 

9311 

9385 

9161 

363T 

54 

ss 

1T46 

1814 

1881 

8082 

90tM 

8169 

8838 

9112 

91B6 

9469 

X938 

9S 

96 

IT47 

1815 

1881 

SOU 

8009 

9167 

me 

nil 

3186 

3161 

3940 

96 

ST 

1T48 

1816 

lass 

S03S 

9006 

9168 

8341 

8114 

SS8B 

9461 

Sill 

6T 

58 

ITtO 

1817 

1886 

SOSO 

80BT 

9169 

8949 

8116 

9100 

9466 

3548 

sa 

U 

ITM 

1818  1S8T 

1057 

209T 

80B8 

9170 

■941 

8117 

9191 

9467 

2944 

S9 

Z 

2F 

28-189- 

w 

3F 

38* 

38- 

34- 

35^ 

w 

3r 

■^ 

u 

__ 

TABLE  111.                  «6  II 

mnOIONAL  VARTB.                                                                 | 

H 

aF 

W 

4V 

IS^ 

48- 

44- 

45- 

4B- 

47- 

ma- 

L^ 

w 

M  1 

0 

9SW 

-«ia 

■am 

-am 

soio 

II 10 

~H« 

sses 

■IBS 

S4T4 

0 

t 

sue 

S0S4 

am 

ain 

ssu 

atn 

■0)1 

HIT 

ISM 

■SOS 

■SM 

MTfl 

s 

SC4B 

STOJ 

aiM 

S8W 

se4« 

I0» 

■118 

ISOO 

■SOS 

■■es 

■4T8 

S 

s 

U4B 

son 

STWI 

ST86 

sasT 

ssso 

S0I4 

■ISO 

■SOT 

■■96 

SS87 

■470 

■ 

4 

SSH 

sesa 

STW 

trsT 

saoo 

SSSI 

soie 

■181 

ssoe 

■aee 

SS88 

■481 

4 

SMI 

SBSfl 

STOfi 

srss 

S870 

sass 

lOIT 

■ISI 

SSIO 

■sag 

SSIO 

S4BJ 

5 

UBS 

soil 

SllO 

STM 

3STI 

•ai4 

MW8 

■IS4 

ssia 

■■01 

St91 

■4e4 

0 

«»4 

MM 

S711 

STQl 

S9TS 

8956 

S040 

■ISO 

SSIS 

isoa 

1193 

8486 

T 

8 

U4S 

ssit 

STIB 

srss 

SST4 

SSBT 

1041 

■IST 

tSI4 

•SOS 

SS94 

>4a7 

9 

S9ST 

S0I4 

ST14 

STS4 

S8TS 

S058 

S041 

siau 

■SI6 

•105 

ssae 

M88 

_L 

1* 

ISSfl 

sei6 

ST  15 

ms 

»TT 

saoo 

S044 

SIUI 

"isiT 

IS06 

St97 

"mK 

la 

11 

USD 

SOST 

trio 

STST 

SOTS 

saoi 

SM6 

■Ul 

tstg 

ssoe 

UD9 

1491 

tl 

IS 

HUM 

sai8 

STIB 

STW 

sses 

IMT 

■lU 

saso 

■■•9 

t«Ml 

•493 

IS 

1* 

ISS! 

2fl40 

STIO 

8TS9 

asst 

SDM 

I04H 

■I^4 

SSSS 

■■11 

■4U 

■495 

IS 

14 

8S0S 

M41 

arto 

SBOl 

sees 

saes 

SOSO 

■lie 

SStl 

■■IS 

■403 

■490 

14 

U 

SSIM 

2M! 

STS2 

SMS 

aes4 

SDOT 

SOSI 

HIT 

■aas 

■S14 

S40S 

■49t 

IS 

U 

9SM 

M44 

STSl 

SMS 

sees 

sans 

sots 

lltO 

saa« 

SS16 

■40T 

■499 

16 

IT 

S5«I 

SMS 

STI4 

SMS 

seso 

saro 

sa«4 

■140 

taai) 

SSIT 

■408 

■501 

IT 

18 

SUB 

SMI 

STBO 

asoo 

sses 

sari 

S0S6 

tl4S 

■St9 

SSID 

1410 

■501 

18 

l» 

SHO 

SMS 

STST 

SHOT 

S880 

sari 

S067 

IIU 

sail 

SSSO 

•411 

1604 

10 

M 

mil 

XMU 

STS8 

■sf; 

~so» 

•144 

Tw 

T^ 

-»4i3 

mSo 

■sir 

tl 

»ii 

3SH 

STse 

S8» 

seas 

SBTS 

SOM 

•140 

■S14 

SSSS 

■414 

■697 

SI 

» 

S5T> 

S861 

STll 

sail 

seas 

sare 

SOOI 

■14T 

sats 

SSSS 

■410 

1199 

31 

M 

ISTS 

S86S 

STM 

S8I1 

sees 

a»Ts 

S063 

■149 

tSST 

ssso 

■417 

•510 

SS 

»4 

sen 

MSI 

sns 

S8I4 

saae 

sare 

S0«1 

■ISO 

tstt 

•SS8 

8419 

»I3 

S4 

M 

SSTI 

S6S5 

STIS 

SSIS 

saer 

saei 

■006 

■IS3 

IS40 

ttS9 

■4ao 

S6I4 

St 

M 

ss7e 

SOST 

STI6 

SIIT 

ssae 

saea 

seoT 

■  iSS 

■S4I 

ttsi 

S4aa 

ISIS 

so 

»7 

SSBO 

MBS 

STST 

sai8 

saoo 

saei 

■068 

■ISS 

»ua 

ItSS 

•48S 

HIT 

ST 

n 

9M1 

sets 

srao 

S8S0 

soas 

saes 

SOTO 

■ISO 

SSI4 

■■■4 

■435 

■SIS 

38 

M 

SSB9 

SOB! 

sr4a 

S8B1 

saot 

aoet 

■OTl 

■IST 

■S45 

■SIS 

343T 

■sso 

SO 

15" 

SSB4 

soes 

"aria 

sssa 

ago4 

sast 

SOTS 

•159 

1347 

■SST 

34a8 

1611 

■0 

■1 

St8S 

sen 

atu 

ssti 

S90G 

sees 

■074 

■100 

■S4d 

■IBS 

•410 

S613 

■1 

n 

>BB6 

■flU 

ST44 

SOSI 

S907 

saai 

■075 

siea 

■SBO 

3^40 

S4^1 

■S25 

■s 

n 

SSBfi 

tnw 

S746 

savs 

um 

■lea 

■SBI 

SS41 

S4» 

ssa» 

H 

u 

S«89 

am 

aT4T 

SSS) 

S910 

saas 

■078 

■les 

SSIS 

U41 

tad 

SSSS 

•4 

u 

SS90 

S06S 

ST4e 

sail 

sees 

■080 

■i«e 

■SS4 

■■44 

■436 

ssu 

ts 

M 

SWI 

StffO 

srso 

sail 

aeeo 

soei 

>l«8 

SSU 

■■40 

■4S7 

ssil 

S6 

«T 

ssn 

SOTl 

STSl 

S»I4 

aeee 

■oes 

■l«9 

■SST 

»M7 

■4^9 

■511 

■T 

sa 

am 

SOTS 

STSS 

sais 

seee 

sou 

■ITI 

SSSS 

••49 

■440 

■514 

■B 

w 

am 

STS4 

SBIT 

sooo 

■oes 

■ITS 

■aeo 

•WO 

■441 

■510 

■0 

S»T 

"Sts 

srss 

JSi 

loii 

soos 

Tow 

•iTi 

isoi 

'uSi 

Tmi 

"siiT 

40 

41 

st»e 

sme 

srso 

am 

sais 

SOOI 

■088 

■ITS 

■set 

»su 

■44S 

■519 

41 

49 

SSB9 

aets 

STS8 

ana 

SOSl 

saos 

■000 

■ITS 

■■6S 

UBS 

•447 

■MO 

4a 

SMI 

sore 

srss 

BB4» 

SSSS 

sooo 

•091 

■ITS 

■9M 

tun 

•448 

■641 

4^ 

M 

soDa 

8080 

sreo 

S84I 

S084 

SOOT 

■OOS 

■ITS 

SflM 

•S5S 

•450 

■641 

44 

4t 

SMS 

S0S3 

sroa 

SS4S 

aaas 

sooo 

■094 

■ISI 

■sea 

■U9 

1451 

■646 

45 

9004 

SOBS 

9T6S 

S844 

sme 

SOlO 

M»S 

■isa 

MTI 

tan 

•4S1 

S64T 

46 

4T 

»eo6 

test 

artH 

SMS 

S0S8 

soil 

SOOT 

tIM 

■an 

•454 

■648 

4T 

48 

SOOT 

seee 

ST66 

SMT 

aos9 

SOU 

■oes 

1185 

■an 

■■64 

•450 

■660 

4« 

49 

seoB 

2687 

ST«7 

SMS 

aosi 

sou 

■100 

■IST 

ISTS 

ttos 

S4ST 

■661 

49 

U 

SOlO 

SOBS 

SToa 

»45 

aais 

win 

■101 

ms 

■SIT 

tM7 

84S9 

•553 

50 

<l 

soil 

aoM 

STTO 

SSSI 

set) 

>OIT 

■lOS 

8190 

ISTS 

isea 

S460 

•555 

61 

6S 

soil 

S09I 

STTI 

ttsa 

sass 

*oie 

■104 

■191 

saso 

■STO 

S46S 

•550 

63 

St 

sou 

SS03 

ST7S 

S8S4 

seaa 

taao 

■105 

■193 

•aBi 

■ITI 

S464 

8658 

63 

S4 

SOIS 

S694 

8TT4 

asu 

saiT 

SOSI 

■IDT 

■194 

saBS 

■■TS 

3466 

3669 

54 

SOlO 

SSOU 

S7TS 

asso 

aau 

SOSk 

■108 

■195 

■184 

»»T4 

•467 

3661 

65 

se 

son 

sooe 

STli 

88S8 

aiMo 

seal 

SllO 

■197 

■184 

■STO 

■468 

•SOS 

56 

S0I9 

sow 

STTH 

SM9 

aa4s 

saaa 

Sill 

1198 

ISST 

■tT8 

■470 

•SM 

sr 

48 

SOSO 

SBoe 

ariff 

S860 

aMS 

soar 

till 

ISOO 

1180 

■179 

■4T1 

■500 

58 

SO 

S031 

2T00 

areo 

sees 

aa44 

saao 

■114 

ISOl 

•S90 

■181 

S4TI 

•50T 

60 

M 

3F 

40- 

41- 

4S* 

"^ 

44- 

W 

ir 

-0r 

IF 

49- 

60' 

M 

1 

b,  Google 


TABLE  III. 



— 

67 

HBBtDIOMAL   PARTS. 

H 

^BS^ 

64' 

aa- 

'w 

W 

68- 

69- 

70- 

71- 

TOjra^ 

IV 

H 

IMS 

•OH 

Tui 

tS84 

6474 

6011 

6706 

5906 

Tiu 

Mil 

6534 

0740 

4«OT 

S»4i 

6181 

5136  un 

5611 

6707 

5069 

6140 

6118 

6518 

6740 

4IHHI 

SW4I 

6184 

StSB   1470 

S6M 

6860 

•973 

6158 

6141 

6541 

6768 

4I>1S 

S04« 

6186 

Sill 

6188 

5618 

5801 

6976 

6156 

6146 

6545 

6757 

4014 

SOW 

6188< 

Sill 

•4&« 

5648 

68M 

6978 

6158 

6345 

6548 

6760 

4016 

soil 

•101 

•lU 

6487 

5644 

swe 

6981 

6161 

6361 

6661 

6704 

4018 

soil 

SI9S| 

6118 

6480 

564T 

5811 

6984 

6L64 

0364 

0666 

6768 

4080 

6066 

BlOSi 

•141    6498 

6650 

5814 

6986 

6167 

616B 

6668 

0771 

4031 

•OSS 

SIW 

•143 

6495 

5653 

5817 

5980 

0170 

0161 

6663 

6T75 

4986 

S060 

6800 

6t4f 

6497 

5855 

6BM 

5002 

8171 

6104 

6666 

6779 

4987 

6063 

lioi 

"6148 

SSM 

6068 

5B31 

6096 

"6177 

M6T 

6569 

WM 

"lo" 

49891 

6066 

6805 

StSl 

6S03 

5660 

5835 

6008 

6180 

6STI 

6673 

6786 

11 

4911 

606T 

6307 

61S1 

5506 

6663 

5838 

6001 

61831 

6174 

6576 

6TO0 

18 

4S14 

6060 

6110 

S1S6 

5507 

66U6I 

SBll 

6004 

6186 

6177 

6579 

em 

11 

4916 

6071 

6813 

6158 

5510 

e66C^ 

SSM 

6007 

6180 

61M 

6581 

6797 

4918 

60T4 

6814 

6U1 

5511 

6671 

5817 

Hit 

0108 

«>B4 

6680 

6mi 

15 

4940 

60T6 

5817 

6161 

5515 

6671 

5819 

Hit 

0106 

6187 

66M 

0804 

16 

4941 

60T8 

5819 

net 

5518 

•676 

5843 

601^ 

0108 

6M0 

6691 

6608 

17 

494S 

6081 

5888 

6108 

5530 

5670 

5845 

6010 

0301 

6104 

6697 

6813 

18 

4947 

6061 

6881 

•171 

6S81 

6683 

5848 

60« 

0305 

6197 

6600 

6815 

19 

4949 

6086 

"ms 

M73 

S586 

6686 

6S51 

6026 

0308 

6601 

0819 

30 

4«S1 

S088 

6889 

•Hfl 

••SB 

6687 

5854 

6038 

0311 

6401 

6607 

eesB 

81 

as 

49S4 

6000 

6811 

•ITS 

SSll 

66S0| 

5856 

6031 

0314 

640T 

0610 

6826 

33 

M 

4SS6 

6008 

6814 

•■8« 

SSll 

660I 

6859 

6034 

6317 

0410 

6614 

6810 

31 

M 

4068 

600S 

SSM 

•W& 

SSM 

6096 

5B63 

0937 

6S3I 

0411 

6617 

6834 

34 

SS 

4060 

600T 

SUB 

6186 

5519 

6006 

•806 

0046 

0417 

6631 

6838 

2S 

M 

4961 

6000 

S341 

6188 

5541 

6701 

•668 

6941 

04S0 

6614 

6841 

80 

Xt 

wee 

6108 

5X43 

6106 

5544 

6704 

•871 

6M6 

e4ss 

6038 

6S46 

87 

S8 

4B67 

6104 

5846 

6191 

5546 

6701 

•S74 

0040 

6487 

6611 

oe4( 

88 

89 

49G!> 

6106 

5346 

6106 

•549 

6T0H 

•876 

006i 

6430 

6615 

80 

10 

4973 

6108 

MM 

6101 

5558 

Mti 

ISJB 

6066 

"mi 

6411 

6619 

-^ 

"m 

St 

4974 

6111 

sasi 

6401 

5S54 

6716 

sa^ 

6068 

0S4» 

0437 

6648 

0860 

11 

■3 

49T6 

6111 

5856 

6401 

5S6T 

STI7 

•885 

0061 

0946 

64401 

6646 

6864 

18 

1) 

49TS 

S116 

53S8 

MM 

6669 

67M 

•888 

6064 

6349 

0443 

6649 

6808 

•1 

U 

4961 

6118 

6860 

s4oe 

5568 

S7S1 

6891 

6067 

6152 

0441 

6051 

6671 

34 

49B1 

6130 

6861 

•411 

6666 

5786 

5894 

0070 

6865 

6656 

6876 

36 

SA 

498( 

6133 

6866 

S411 

6667 

ST88 

5896 

0071 

6858 

0660 

6879 

30 

IT 

498T 

613S 

6367 

5416 

6670 

STlt 

58W 

6076 

0861 

6663 

6883 

IT 

%a 

4090 

BUT 

6370 

6671 

5714 

5008 

6079 

6S64 

6667 

6866 

18 

IB 

4992 

6139 

6878 

6481 

6676 

STM 

6905 

60SS 

6868 

6461 

6670 

6aM 

•9 

40 

4094 

EU3 

5431 

5178 

STiii 

MOB 

0006 

6871 

646T 

6674 

6894 

"«* 

41 

4996 

6114 

5486 

6680 

5743 

•911 

6068 

6874 

647U 

6677 

6698 

41 

43 

4999 

6116 

6880 

S488 

6683 

5746 

5914 

6091 

eSTT 

6473 

6681 

6M1 

48 

41 

6001 

6)10 

6388 

S4I1 

6586 

5747 

5917 

6004 

6SW 

6477 

6685 

6006 

41 

44 

6901 

6141 

63S4 

S4U 

S7S0 

5919 

0007 

6381 

648tf 

66W 

6009 

45 

S008 

6141 

6S8T 

S4M 

6601 

5751 

5983 

0100 

6387 

6483 

6692 

6011 

46 

46 

1008 

6146 

6880 

S41B 

6604 

5756 

5985 

0101 

6aM 

648T 

6695 

6917 

40 

4T 

6010 

SUB 

•898 

5441 

6606 

5758 

5988 

0106 

6391 

04M 

66H 

6030 

47 

48 

6018 

6161 

6804 

6441 

S761 

S91I 

6101 

639( 

0404 

6703 

6034 

48 

4S 

6014 

SlSl 

6807 

S446 

6603 

5764 

6914 

6113 

6399 

0497 

67M 

6038 

40 

SO 

SO  17 

6166 

7300 

6448 

6604 

5767 

«57 

6101 

06M 

"•tTo 

"(^2 

So 

SOlO 

SISB 

6301 

5451 

6607 

5770 

5940 

6111 

6106 

0504 

6711 

OOU 

61 

5S 

6031 

S160 

6S04 

6454 

6610 

5773 

SOU 

0181 

61M 

esoT 

0717 

0040 

59 

S) 

6021 

6163 

5106 

6456 

6613 

6776 

50146 

0184 

6112 

0511 

0730 

0043 

51 

t4 

6026 

6166 

6109 

6459 

6616 

5778 

5946 

6187 

6816 

6514 

6734 

MI7 

54 

«t 

6028 

S16T 

6111 

5461 

6617 

5781 

S9S1 

6110 

6119 

6517 

6738 

0951 

55 

M 

SOID 

6169 

6114 

S464 

6680 

5781 

5964 

6111 

6133 

0S91 

6711 

695$ 

M 

fi7 

soil 

6178 

6316 

6466 

6021 

5786 

5667 

0116 

0136 

0584 

6716 

6959 

57 

SB 

SOW 

6174 

6469 

6685 

6789 

59W 

6140 

0138 

6588 

0738 

6961 

58 

SO 

S017 

S176 

6181 

5471 

6688 

5709 

5961 

6141 

6311 

6511 

0743 

6966 

59 

M 

^ 

64^ 

-^ 

66* 

67* 

W 

W 

70- 

71- 

72- 

'W 

7F 

i^SSS 

ffi 

TABIC  HI.                    H 
MCMDIOKAL  ruag.                                       11 

u 

W 

"tT 

-w 

w 

^r 

-s^ 

-^ 

a^ 

\S 

\K 

m] 

^ 

U 

0 

av70 

TSIO 

1m 

■555 

WM6 

6STS 

8719 

9I4B 

MM 

ioi*r 

I976E 

11(31 

9 

et>T4 

7314 

T4TS 

7TJ» 

8951 

8361 

8746 

9U3 

96I4 

I914I 

11(41 

I 

a97B 

71IB 

7476 

!SI 

8«t6 

BW7 

87S8 

MOO 

•esi 

I9IC* 

1*788 

iicei 

3 

a 

6081 

7311 

7481 

8061 

8393 

87S8 

9167 

96*1 

1016* 

lOtOS 

11676 

3 

4 

6966 

7817 

748* 

7764 

8967 

8398 

870* 

M74 

96*9 

1*176 

loeii 

11(00 

4 

A 

6094 

Till 

7490 

7769 

S97I 

8404 

8771 

91811 

964I 

lOIBS 

M683 

iiaoB 

6 

6 

6994 

TIU 

7494 

7774 

8077 

8410 

8778 

9189 

9«fi* 

1*196 

1*834 

1I63D 

6 

T 

6»9T 

TSig 

7408 

7778 

S9B» 

8416 

8784 

9106 

9064 

1*106 

16646 

11634 

7 

6 

7001 

13*1 

7»0t 

778» 

80BS 

8438 

8791 

9M3 

9*71 

IHI4 

leesB 

11649 

8 

» 

7D« 

7847 

7S07 

7T8I 

8991 

8437 

8797 

9ilt 

9660 

1*834 

■6670 

11064 

9 

10 

7009 

73S1 

7tll 

TT« 

8999 

~8Ui 

8804 

«I8 

MM 

i^4 

io55i 

11670 

"io" 

11 

TOll 

Tsse 

7916 

7706 

BIOI 

sag 

8619 

9185 

9697 

10844 

1069* 

11694 

11 

11 

701T 

Tseo 

7091 

7801 

8199 

B44S 

8817 

98W 

9T0f 

198*4 

10906 

11709 

18 

IS 

70gl 

7S64 

T6» 

7808 

8IIC 

84SI 

6811 

9140 

9714 

10364 

19917 

11734 

13 

14 

702t 

7S68 

7610 

78U 

Sl» 

MST 

8U0 

9346 

978* 

10*74 

19999 

11719 

14 

IS 

T0S9 

7171 

76U 

78IT 

813* 

8463 

8831 

9KB 

0731 

10184 

19941 

1176* 

1* 

la 

TOll 

TITT 

7619 

781« 

BUI 

846t 

8841 

9961 

6740 

19804 

1996* 

IITTO 

16 

IT 

T0t7 

7S8I 

7644 

78S7 

BU« 

6474 

8849 

98T0 

9748 

19*04 

19906 

1178* 

17 

18 

7041 

7ses 

7648 

7831 

8I4I 

8480 

8W6 

9971 

97S7 

10*14 

19978 

11801 

16 

19 

T(M3 

7S80 

7SS) 

7817 

BI47 

8486 

8861 

9986 

9766 

19*24 

19990 

11816 

10 

80 

7(MB 

7104 

75b? 

"784* 

«« 

8491 

8869 

990J 

9774 

I9SS4 

I19M 

11833 

30 

ai 

loss 

7808 

7668 

7847 

«S8l 

S496 

6H6 

98O0 

976* 

19*44 

11914 

11848 

91 

aa 

70Sfl 

7108 

7B66 

7eBt 

ai6» 

»94 

W81 

B80T 

979! 

10*64 

HOIT 

11803 

39 

St 

7060 

7106 

7671 

7BC7 

S16« 

8tl« 

8869 

931* 

9809 

19*64 

iioie 

I18T9 

33 

u 

7064 

7111 

7676 

7861 

8IV4 

8616 

8890 

6683 

9809 

inu 

II06S 

1189* 

34 

as 

7068 

TllS 

7680 

7867 

SITS 

S»H 

eaos 

93*0 

9617 

10386 

M004 

11911 

35 

90 

707S 

7110 

TB85 

7871 

8I8S 

8618 

8909 

9*37 

989e 

10396 

11*77 

11987 

36 

n 

7076 

711S 

7680 

7877 

8199 

86U 

8916 

9*4* 

96*1 

10496 

I10H9 

1 1043 

37 

B8 

7080 

7118 

7694 

7888 

81901 

8540 

8913 

96*1 

9S44 

19416 

IllOl 

110*9 

38 

W 

7084 

7US 

7699 

7887 

SMI 

8640 

8n( 

936* 

9661 

I94S6 

1II16 

11978 

39 

»" 

"twh 

7116 

T601 

TB9i 

MOT 

86SS 

~m! 

M«8 

9MI 

low 

ilm 

11003 

■w 

>1 

7oes 

7141 

T«oe 

7897 

S»S 

8SS8 

89411 

0*76 

987* 

10447 

11140 

itooe 

31 

■s 

7096 

7146 

7618 

7908 

BII8 

SS&S 

8960 

9*81 

987B 

104*7 

11161 

18036 

98 

H 

7100 

7149 

7617 

7997 

6U3 

SCfl 

8967 

9*01 

9668 

19468 

11106 

18041 

33 

U 

7104 

71S3 

76» 

7918 

Bl» 

8S7T 

8963 

0*09 

9607 

I64T8 

11179 

180*8 

•4 

K 

7108 

71SB 

7686 

7917 

88*4 

8683 

8970 

9407 

9006 

10460 

11191 

1807* 

SB 

18 

7113 

7*68 

7611 

7918 

8840 

868S 

8977 

941* 

•916 

10*00 

1 1106 

13093 

16 

IT 

7110 

7S66 

7016 

7987 

Bt49 

8S9S 

8964 

9488 

9084 

10*10 

iisie 

13109 

*7 

7180 

7171 

7610 

7918 

BSBI 

8661 

8991 

04*9 

»n* 

10*31 

llSll 

I3I36 

18 

kg 

7184 

7S76 

7645 

7017 

BSBO 

8607 

8996 

04*7 

9043 

19S31 

11144 

13143 

19 

'io 

718S 

7179 

7048 

8968 

8614 

900S 

044* 

9961 

10*13 

11357 

laiso 

40 

41 

Till 

7184 

76»4 

7948 

8967 

8010 

eois 

04*1 

9060 

106*3 

n>TO 

latTT 

41 

42 

7116 

7188 

7610 

rati 

B973 

8686 

0018 

0461 

9960 

10*64 

11384 

13194 

43 

U 

7140 

7193 

7664 

ma 

8179 

801S 

9016 

0409 

9978 

I0*T5 

11397 

12213 

43 

44 

7UB 

7197 

7668 

7961 

8884 

S0I8 

991^ 

0477 

9967 

I05BO 

11310 

44 

46 

T14ff 

T40I 

7671 

7068 

8990 

8644 

9019{ 

948* 

9900 

10*97 

1 1134 

12247 

45 

48 

71SS 

7400 

7078 

7973 

BSOa 

80(1 

9946 

940* 

1000* 

10608 

111*8 

1236* 

46 

47 

7U7 

7410 

7683 

7078 

BBOI 

86B7 

90SB 

OBOl 

109IS 

10619 

11161 

1228! 

47 

4B 

7161 

T414 

T687 

7083 

8307 

8003 

9060 

9S0D 

10084 

100*9 

1136* 

12300 

48 

49 

7165 

T410 

7698 

7989 

8313 

8669 

9067 

9aiT 

109SS 

19041 

11378 

13318 

49 

00 

7169 

7413 

7897 

7994 

B3I8 

B«70 

9074 

"mm 

10043 

10663 

iiioi 

1^6 

tl 

717S 

74»7 

TTOa 

T999 

8184 

8683 

OOSl 

9*33 

I00S9 

10663 

lUOO 

13154 

51 

as 

7177 

T4l:i 

770t 

8004 

8880 

BflHH 

9088 

9641 

lOOGI 

10674 

11420 

18373 

S3 

as 

7181 

7416 

T711 

8009 

831* 

9695 

9000 

9S49 

lOOTl 

10085 

11434 

18101 

51 

B4 

7441 

7716 

8014 

8341 

B70I 

9105 

06B7 

10080 

10606 

11448 

18400 

S4 

SB 

7445 

7TS1 

8010 

834T 

B707 

9110 

9605 

10089 

10708 

11463 

18488 

66 

M 

7440 

80S« 

83*1 

8711 

91  IT 

9B73 

10099 

10719 

11476 

12440 

SO 

S7 

74S4 

8030 

63(8 

87S0 

9184 

9561 

10108 

lOTSO 

11490 

13166 

67 

SB 

r4SB 

80S6 

eSM 

8780 

9111 

9S89 

10I1B 

10T48 

I1S04 

13484 

SB 

S9 

7806 

T4U 

7740 

8040 

8*69 

8713 

9118 

9S9B 

10137 

I0T*3 

11*18 

18503 

*9 

H 

75" 

7^ 

77° 

TO^ 

79° 

80" 

81° 

w 

"^ 

8i" 

1^ 

Sff" 

M 

^ 

„., 

^^ 

^^ 

__ 

1 

TABLE  III 

TABLE  in.»                  es 

conRicnoH  or  nu  huh  jursAcnon. 

MEBIDIONAL    PARTS. 

"S 

3V 

aiy 

IS" 

la" 

44" 

SO' 

6t>» 

tv 

etjo 

u- 

tw> 

M 

«- 

88" 

89" 

+. 
«I 
Bl 

•0 

»T 

T4 
Tl 

•B 
M 
U 

Is 

68 
«S 
63 
60 
d8 
06 
fl4 
6S 
10 

■+. 
dl 
60 
48 
46 
44 

a 

41 
40 
38 
ilT 

31 

31 
30 
39 
S8 
ST 
>S 
8S 

lo' 

11 

so 

99 
18 
S7 
SS 
3C 
H 
SI 

46 
44 
43 
41 
49 
IB 
IT 
SS 

M 

6S' 
SO 
SB' 
S6 
«4 
53 
50 
48 
40 
4S 

TS' 
T4 
Tl 
68 
66 
64 
SI 
SO 
67 
SS, 

0 

1 

S 

0 

T 

S 

18541 

isasi 

1U80 

1*611 
IIM9 
lMfi9 
llWtt 

iseoa 

1S916 
UMt 
1I9T1 

uosa 

I406S 

i4oin 

1413S 
141M 
lllfti 

USM 
UMT 
W4I6 
10t» 
16111 

i«s9e 

16661 

16736 
M79( 

»    0 

a  10 
a  30 
1  W 
Ha 
ife 
s  • 

■  10 

S  10 
S  to 

10 

!i 

II 
u 

IS 

IS 
IT 
18 
ID 

isrii* 
urss 

19TSD 
IWBO 
11801 
ISW1 
13611 
13863 
13886 
t»0« 

14310 
I4S4T 

liars 
mil 

11141 

I4i7e 

HlOB 
144tt 

lease 
16DW 

iToer 
ms» 

17211 
1728» 

IT  see 

1T4U 

Hsac 

ITGOO 

340 

!3 

s    « 

1  *4 

0  M 
T    0 
T  M 

9i 

00 
98 
S) 
48 
45 

18 
U 
14 

41 

4a 

38 
3S 

33 
30 

>B 
»7 

11 
» 

31 

SO 
S4 

s> 

SI 

14 

•3 

SI 
18 
IT 
10 
14 
14 
13 

T 

91 
10 
l« 
IT 
16 
IB 
14 
13 
IS 

SS 

SO 
«8 
36 

S3 

SO 
JO 
18 

43 
40 
3T 
IS 

11 
90 
IT 
11 
14 
31 
SO 

SS 

SI 

4s 
40 
18 
IS 
IS 

11 

39 
31 
SI 
14 
31 
33 
31 
30 
19 

IT 

SI 
tt 
H 

>1 

ss 

H 

tr 

S8 
99 

imi 

UWB 
1S9T0 
1M9S 
II014 
IMIO 

iMsg 

IMBl 
ISIOl 
11136 

I164S 
14(78 
1461) 
IIOIB 
UOBl 
14730 
14T56 
14TM 
14810 
I48fl« 

IT6UI 
1TT8I 
ITBIO 
1T9«I 
IBCie 
18111 

leisa 

1BS6S 
1S46I 
181T0 

e  0 

8  10 

g  0 

»M 

10    • 

10  M 

11  • 
11  M 
11    » 
11    • 

H 

M 
W 
SI 
SB 

u 

33 
SS 
31 
SO 

IS 
13 
13 

19 

IT 
16 

le 

IB 

u 

IS 
IS 

13 

IS 
11 
10 
10 
19 
19 

LI 
1« 
19 

16 
15 
14 
44 
IS 
13 
IS 
13 
11 
10 

10 
SI 

u 
>l 

u 
u 

H 

IT 
SB 

se 

1S149 
HITS 

uies 

ISSIB 

isaia 

I1360 
II39U 
ISSII 

iisas 

ISU3 

UOOO 
11914 
119B1 
1503^ 

isooa 

ISlOt 
U14I 
1S184 
ISiM 
16368 

187  9S 
18030 
190U 
IfllTl 
19109 
IftlBO 

losee 

19749 
19009 

14  0 

15  0 

to    0 

17     0 
IS     • 
19     • 

30  0 

31  • 

sa  « 

»     0 

18 
IT 
10 
11 
14 
13 
U 
IS 

11 
I 

g 

8 
B 

T 

6 
6 
6 
0 

16 
16 
14 
13 
19 
11 

10 

Ml 
9 

40 

11 
a 
a 

u 
a 

10 
IT 

4S 

lSlb6 

lain 

lUSO 
lM6t 
IS186 
ISSil 
UfilT 
ItUW 

iwBg 

1S6IS 

ISSll 
1SSS4 
10196 
IS443 

ms; 

ISA  32 
ItSTl* 

IMTl 
U73I 

S00T6 

S09U 
31001 
2]  301 
21557 

»     0 

so   0 

XT     0 
38     0 
30     0 

30  0 

31  0 
31     0 
11     • 

10 

s 

5 
S 
6 
I 

e 

4 
4 
4 
3 
3 

9 
8 
8 

8 

T 
4 
4 
1 

BS 
Bl 

ii 

i6 
ST 
BB 
0» 

IMll 
1»66S 
IWVi 

isTn 

I3T4t 
HTIO 
IIBOI 
IS8M 

iseoo 

11888 

UTTII 
1181 « 
1B8C9 
11930 
11973 
1C024 
IfiOIS 

leiis 

16187 

lean 

aaisi 

B38at 

asesi 
siati 
aisii 
ssoos 

30108 
37991 
SOITS 

III 

41     0 

SO     0 
M     0 
69     0 

T9     0 
80     Oi 
00     0 

t 

3 
3 
S 
3 

1 

1 

9 
0 

4 
1 
S 

s 
1 

1 
1 

0 

M 

Br 

88° 

sy 

18.3 

28,7 

».l 

19.6 

10. 0 

+ 
iO.t 

m.9 

1 

^ 

^ 

^ 

'          ■ 

3 

TAfil£  HI. 
lUMDIOMAL  FUnV. 

H 

7gn 

W\ 

W^ 

'Wi 

W] 

W^ 

^^ 

eaf 

gap 

84^ 

M»j 

E 

M 

"WTO 

MIO 

7467 

"mi 

0040 

S(7S 

Sim 

914* 

96« 

ioiif 

I9t6» 

0 

0674 

7314 

7472 

7741 

8051 

8(81 

8746 

9U1 

9*14 

10147 

1*776 

6978 

7211 

7476 

7754 

etse 

8)87 

8702 

9160 

(is 

IM*4 

16788 

lls«i 

1 

0981 

T22S 

74B1 

7759 

8061 

etot 

87S8 

•167 

9611 

10166 

16709 

8 

ODSA 

7227 

748* 

7764 

B067 

8)08 

8703 

m* 

OiU 

UI7B 

loeii 

1 

099A 

7231 

7400 

7769 

8073 

8404 

8771 

•182 

9817 

101  Bt 

10821 

5 

6904 
6«0T 

T2U 

7210 

7404 
7408 

7774 
7778 

8077 
8081 

8410 

8416 

8778 
87tU 

9180 
9100 

•UB 

9064 

10100 
lOiOO 

10611 
10616 

iiSi 

6 
7 

7001 

7241 

I»0« 

778» 

8088 

8422 

8791 

9Ma 

9*7) 

10214 

I98S8 

B 

700t 

7247 

7W7 

7788 

8091 

8427 

8797 

etii 

9080 

10234 

loera 

9 

7009 

72J1! 

7CI2 

7701 

MOii 

8m 

8804 

-Mis 

9680 

10114 

18881 

116T0 

10 

7011 

72M 

7616 

7708 

8104 

8410 

BBIO 

Otis 

9697 

10211 

loeoi 

116M 

11 

7017 

7260 

7S9I 

7801 

stoo 

844» 

8817 

am 

«70« 

10251 

10900 

11700 

■1 

Toai 

7264 

TSKA 

7808 

8IIS 

S4SI 

881) 

out 

6714 

10261 

10017 

11734 

11 

702* 

7368 

T5M 

7811 

8U0 

HS7 

saw 

0148 

•73) 

102T4 

I0039 

iirsu 

11 

7029 

7271 

7MS 

T817 

sm 

846( 

w>a 

BUS 

•7)1 

10281 

10041 

117*0 

IS 

70tS 

7277 

78(9 

783) 

tiai 

8469 

8841 

«961 

•740 

10291 

10001 

11770 

16 

7017 

7281 

7M4 

7837 

sua 

8474 

0170 

•748 

loaoi 

10060 

I1TB6 

17 

7041 

7384 

7H8 

7691 

8141 

848« 

M77 

•7*7 

10)14 

10978 

iieoi 

18 

704S 

7S89 

TfiSl 

7«a7 

8147 

MM 

8861 

OMO 

•76* 

10114 

16990 

11816 

10 

■7OJ8 

7294 

7M7 

laa 

8IB2 

8«D1 

MM 

•n* 

103(1 

11802 

118)2 

30 

70C2 

7S08 

7»t 

7847 

SlS8 

8408 

8870 

M0« 

vie* 

10)44 

11014 

11818 

11 

TOM 

7202 

7»6« 

7801 

8161 

BNM 

0881 

8W7 

•791 

10)04 

11027 

1I86« 

U 

T060 

7106 

7671 

TSS7 

8168 

8Sltl 

86e3 

Ml* 

a8o« 

10)64 

IIOID 

■  1870 

« 

7064 

7111 

7876 

7861 

MT4 

8*161 

88061 

•809 

10174 

11002 

1189* 

11 

7068 

7tia 

7486 

7867 

8179 

BS» 

8ao« 

aeiT 

10180 

11004 

II9I1 

8S 

7073 

7219 

7SB5 

7872 

8IBS 

BS2t 

89091 

•8M 

10190 

11077 

11927 

96 

S7 

7078 

7(31 

7BB0 

7877 

8190 

8*14 

8»1« 

a»4s 

98(* 

10400 

11089 

llMl 

27 

S8 

7080 

73S8 

7S04 

7881 

8196 

864^ 

8931 

•101 

9844 

10416 

lUOl 

11950 

28 

39 

71)84 

7Ma 

7S99 

7887 

StOI 

8*4. 

8910 

»6« 

9662 

10430 

UllS 

11976 

30 

"w" 

7068 

7116 

WM 

7893 

8107 

Sw 

■Swi 

0)08 

9861 

I041T 

11137 

11903 

(0 

■1 

7002 

7141 

7W8 

7897 

811) 

BCSa 

8»4> 

9)7< 

9871 

10447 

11140 

■2008 

(1 

U 

7096 

714S 

7612 

7902 

8118 

BOW 

8809 

«»B) 

9879 

10457 

mot 

12030 

(2 

u 

7100 

7149 

T61T 

7907 

81K 

8071 

8007 

0101 

aesa 

I4M68 

11106 

I204I 

n 

S4 

7104 

7l«t 

7622 

7912 

em 

6071 

800» 

oieo 

9807 

14478 

11179 

120*8 

(4 

u 

7108 

7SI8 

T616 

7917 

8114 

8070 

0407 

oooa 

14)489 

11193 

12070 

u 

te 

7113 

7(61 

7611 

7092 

8140 

8077 

9415 

OOII 

10000 

I  IMS 

1200) 

36 

M 

7110 

7(66 

T6I6 

7027 

BUS 

8084 

Mia 

9024 

10010 

11118 

13109 

(J 

»e 

7120 

JITl 

T61D 

7»2 

BUI 

8001 

«uo 

90a9 

lOOil 

IIUI 

13136 

(8 

19 

7121 

T17S 

T64t 

m7 

8IS6 

8807 

8008 

•U7 

994S 

103)2 

11341 

mil 

(9 

'40 

712H 

"TiTB 

76HI 

TM3 

Biei 

8614 

9OO0 

Mif 

■SwT 

loots 

Tim 

iiiu 

4<r 

41 

7IS2 

7164 

76*4 

7»<8 

8967 

eoi« 

MOl 

9960 

toosi 

11170 

12177 

41 

42 

7tlS 

7188 

76*0 

mi 

817( 

86261 

0018 

9461 

10001 

1 1181 

■2194 

42 

48 

7140 

7)93 

7664 

fBM 

8179 

8011 

SOU 

0466 

9978 

10076 

11197 

1Z2I2 

43 

44 

lUn 

7(97 

7688 

T06) 

8184 

8618 

00)8 

0477 

0967 

10980 

11)10 

12229 

41 

4« 

7140 

7401 

7671 

7068 

8100 

8644 

90)0 

048* 

0996 

10507 

11)31 

1324! 

45 

40 

TISS 

7400 

7078 

7071 

sses 

86S1 

B046 

0401 

1000* 

10608 

1IU8 

46 

4T 

7U7 

7410 

7681 

7078 

8101 

80BT 

90G) 

9001 

1001* 

loeio 

IKSl 

13282 

47 

48 

7161 

7414 

7667 

7083 

8107 

8663 

O06O 

0509 

I00B4 

10630 

iiies 

12300 

IB 

49 

TI6S 

7419 

7693 

7080 

8312 

86G0 

0067 

OSIT 

loosi 

10641 

IU7H 

12118 

10 

Ti6» 

74»1 

7697 

7904 

8118 

-8OT5 

«W4 

9530 

10653 

1119* 

12116 

00 

717* 

745(7 

7702 

7990 

8134 

8683 

0081 

0*13 

lODSl 

10663 

nioe 

12134 

51 

7177 

7412 

7700 

80O1 

U20 

eOHH 

0068 

9641 

10061 

10674 

11120 

11373 

03 

SI 

7181 

7410 

7711 

8000 

611S 

860S 

0096 

0549 

10071 

10685 

111)4 

■1391 

SI 

M 

TI8S 

7441 

7716 

eon 

8141 

B70I 

0101 

0667 

10080 

loeoa 

11448 

■8400 

U 

TI89 

T44S 

7711 

8010 

81*7 

870J 

6110 

9605 

10089 

10708 

11463 

■1128 

06 

im 

7449 

772S 

eoio 

8161 

B7H 

OUT 

9073 

10066 

10719 

1147^ 

IW40 

06 

BT 

nsB 

74S4 

77(0 

8010 

Bise 

8TS0 

0114 

BS81 

10101 

107(0 

11100 

1216* 

ST 

S8 

7303 

7458 

7715 

SMS 

8164 

8T80 

6111 

0589 

10111 

10712 

UGOl 

12181 

58 

S9 

7S0S 

7463 

7740 

8040 

886!^ 

8711 

6118 

0S9H 

10117 

10703 

lis  18 

■2S01 

50 

U 

tT 

76^ 

TT 

7»*° 

79^ 

80" 

81° 

■^ 

w 

8F 

8^ 

SF 

M 

■sa 

TABLE  II 

TABLE  III 

MBSIDION^L    PARTS. 

DOR 

TU 

Mun 

■,.™„™. 

X 

He)sbtofthel1>en»am.te..                        | 

iv 

44<> 

60° 

IE. 

mF- 

M 

W 

wr 

SIT 

>     0 

+7 
»i 

72 

91 

t 

J7 

0- 

To' 

IS 

48* 

m' 

^ 

0 

issai 

»916 

USW 

1 

isaii 

UtMt 

Miat 

9  10 

83 

68 

SO 

16 

10 

11 

40 

60 

74 

S 

isasi 

II9T1 

1*416 

2  SB 

86 

OS 

48 

16 

k> 

90 

44 

98 

71. 

S 

U&so 

rntat 

loue 

9W 

•e 

01 

46 

IS 

IS 

^ 

41 

90 

68 

USDS 

uoas 

16511 

■  «i 

TT 

00 

4« 

U 

14 

36 

41 

54 

66 

1*619 

140«1 

16599 

9  to 

74 

SB 

U 

U 

11 

37 

40 

63 

04 

s 

19019 

14001 

16661 

1   a 

71 

SO 

41 

U 

96 

•a 

50 

01 

T 

19059 

14131 

MTSt 

1   16 

•8 

64 

40 

at 

17 

48 

H 

imo 

I41S4 

WT91 

1  te 

00 

63 

98 

94 

■6 

46 

9 

1MD9 

16866 

1  M 

(U 

«0 

V 

-g- 

21 

14 

45 

fiS 

TT 

19T19 

14916 

16091 

3  40 

"a~ 

49" 

w 

T 

sa 

■1 

43 

51 

11 

un» 

1494T 

16991 

3  to 

50 

49 

ai 

91 

13 

68 

IS 

latsff 

112T9 

1706T 

4     6 

58 

91 

90 

90 

40 

SO 

It 

I9T80 

1J91I 

ITIM 

4  M 

51 

43 

•1 

w 

38 

17 

46 

14 

1S801 

11141 

1T2H 

t    • 

48 

18 

^ 

a 

36 

11 

40 

15 

19891 

I41T(j 

17880 

t  H 

49 

■S 

36 

16 

34 

91 

■8 

16 

19841 

14409 

17166 

6    « 

41 

93 

•4 

It 

33 

30 

19 

IT 

13861 

H4« 

174  U 

6M 

•8 

10 

31 

u 

90 

37 

11 

18 

I966i 

wsao 

r  6 

10 

18 

SI 

u 

9i 

11 

19 

19906 

14100 

ITCOI 

r  ■• 

94 

37 

m 

18 

34 

29 

99 

"io 

IswJ 

litis 

ITOU: 

8    0 

M 

35 

To" 

11 

91 

19919 

14ST8 

1TT8I 

8  10 

U 

35 

17 

to 

10 

as 

» 

MOTO 

Heti 

1T8T0 

9     0 

38 

13 

16 

10 

34 

« 

iim 

1404B 

17962 

*«• 

37 

.W 

10 

ai 

SI 

11614 

11BB4 

1S050 

■9     9 

96 

U 

33 

Si 

IIW6 

I4T90 

ISISS 

16  M 

34 

u 

31 

ae 

IW39 

I4T56 

18959 

11     0 

31 

u 

90 

sr 

isaei 

I4TM 

1815$ 

II  M 

3S 

19 

sa 

11104 

I48M 

W461 

IS     ■ 

31 

IB 

» 

11196 

148W 

18570 

11     0 

90 

-f- 

IT 

10 

11149 

"uiSi; 

IBOSl 

14     0 

18 

"o" 

■I 

HITS 

14944 

1870S 

19     6 

IT 

15 

u 

UIW 

I49U 

18930 

10    0 

16 

14 

u 

litis 

ISOftt 

1901S 

11    6 

15 

11 

»4 

11913 

itora 

19IT4 

IB     • 

U 

IS 

ts 

11966 

laiot 

19109 

1*     0 

u 

11 

■0 

ltt»0 

1SI4S 

19456 

89    • 

13 

*r 

11114 

1SI84 

lOSW 

31     0 

IS 

10 

IB 

lUlS 

1U9G 

19T4fl 

33    0 

10 

w 

IM69 

16366 

lOKK 

S3     9 

0 

40 

11106 

mil 

SOOTI 

34    0 

41 

11411 

15U4 

96351 

35     0 

e 

49 

iMia 

U19S 

90411 

36    0 

8 

41 

1M61 

15443 

90616 

ST     9 

8 

44 

lUM 

W487 

^844 

SB     « 

T 

45 

isaii 

1SS33 

21005 

39     • 

» 

46 

UtlT 

ISSTil 

91101 

19     0 

T 

47 

IIMH 

1502S 

11     0 

6 

4S 

11580 

15673 

21891 

14     0 

6 

4S 

11016 

U79I 

91192^ 

M     6 

M 

1H41 

15771 

"in 

~r 

61 

1M68 

1S8I9 

40     0 

9 

aa 

twos 

isaoo 

45     0 

4 

SI 

i»n 

I59M 

93685 

50     6 

54 

I)T4S 
llTTd 

19979 
IG094 

>I3I3^ 

95     0 
60     0 

1 
1 

1 
3 

56 

I1S04 

I6OT8 

05     0 

9 

a 

ST 

1»B» 

I6II3 

TO     0 

6 

1 

68 

1SBG6 

80     0 

0 

1 

S» 

IIBBS 

16911 

10176 

90     0 

0 

H 

sr 

88- 

89-  j 

T" 

^^ 

20.2 

39.6 
Baro. 

W.8 

T" 

i 

28.7 

■ 

ZIZ. 

-H^bic 

ctmi 

^                            ^'l 

«e 

TABL£  III.                    11 
HCUOIOIIAl.  PASM.                       11 

H 

76^  TT^ 

ijfs- 

W^ 

tT 

"85^ 

"^ 

ir^ 

1^ 

8^ 

^ 

[ay 

M 

6OT0 

lain 

7407 

luS 

»»46 

M« 

wis 

M4S 

9mB 

toiin 

imt 

11618 

1 

ant 

7ai4 

7471 

77Jft 

8051 

8181 

8746 

9161 

9614 

10147 

10776 

IIS43 

6BT8 

7ai6 

T47S 

776* 

BMO 

n87 

8769 

0160 

loi&a 

10786 

IIS6I 

1 

0B81 

78aa 

7481 

77Sft 

aoei 

BIW 

8768 

•167 

•611 

lotow 

10709 

11676 

4 

0086 

7Sa7 

74SS 

7764 

BOOT 

8198 

8T0S 

917* 

B6ie 

I617S 

10811 

11690 

6 

0W« 

72tl 

7490 

7761^ 

8673 

8404 

W7I 

9188 

0647 

101  es 

10631 

IIOOS 

6 

7 

ami 
own 

T2tS 
72IB 

7404 
7406 

7774 
7778 

8677 
8081 

8410 
8416 

8778 
8784 

0189 
9196 

••66 
•064 

laint 

lOlOSI 

10834 
10846 

1163D 
11634 

1001 

7Wt 

7601 

7781 

8068 

8431 

8791 

9M 

••73 

1011^ 

10868 

1I84» 

e 

TOOS 

7i47 

7607 

7788 

8001 

8437 

8797 

9811 

•BSD 

10934 

10870 

11864 

10 

700^ 

7asa 

7iia 

1m 

W9B 

8411 

8804 

9818 

10314 

I6B8I 

II67U 

II 

701» 

TaS6 

7616 

7798 

6104 

8419 

8610 

•896 

•607 

19344 

10891 

11094 

la 

7017 

7a60 

7S91 

7601 

stoo 

844S 

8817 

98t» 

•700 

10964 

IO906 

II70D 

11 

7021 

Ta64 

7SSS 

7801 

6IIS 

8461 

8831 

9840 

•714 

10164 

10017 

11781 

14 

7026 

TaM 

7S10 

7811 

US9 

8467 

•848 

•731 

10974 

lOMO 

I17SU 

IS 

TOBfl 

tart 

7S1S 

7817 

S13S 

8461 

8816 

•866 

•711 

I01B4 

tOMI 

IIT66 

u 

7MS 

7977 

7619 

78Sa 

8181 

8460 

8841 

•■63 

9T40 

10904 

I096I 

IIT70 

IT 

TOtT 

raai 

7S44 

78S7 

»IH 

8474 

884S 

•370 

•748 

10104 

lOOOS 

11786 

la 

7041 

Tass 

rS48 

TSSl 

8141 

8480 

8866 

•877 

•7S7 

I01I4 

10078 

11801 

IB 

7043 

7a89 

7661 

7617 

U47 

848< 

8861 

•B8SI 

•766 

10124 

10900 

IIB16 

"sr 

"TMi 

7894 

■7667 

784t 

BUS 

Bin 

8863 

^mS 

«74 

I01S4 

liMi 

II8S1 

"sr 

91 

70sa 

7aos 

7661 

7647 

8168 

8408 

8*76 

96001 

•781 

10144 

11014 

IIB4H 

31 

aa 

70S4t 

7toa 

7666 

786a 

8J6S 

as«4 

8861 

0807 

•791 

14164 

11027 

11661 

83 

at 

7000 

7106 

T67I 

7867 

M68 

8618 

8860 

•116 

9600 

10364 

11039 

11879 

83 

at 

7064 

7aii 

7676 

TBOa 

U74 

6S16 

8808 

•124 

•809 

10174 

iiosa 

11806 

84 

as 

7066 

TSli 

1686 

7867 

8J79 

6S28 

awn 

nM 

9817 

loies 

I10G4 

11911 

35 

ao 

7073 

7S|g 

7686 

7871 

8186 

8638 

8809 

•617 

9836 

10195 

11077 

11997 

86 

n 

7076 

7S« 

T680 

lan 

8190 

8M4 

8910 

M4S 

98M 

10406 

ItOMI 

11043 

87 

as 

7060 

7»f8 

T694 

7sei 

8190 

8S40 

8021 

•1S» 

9844 

10416 

11109 

1106S 

88 

as 

7D64 

7t»a 

7699 

7887 

saoi 

8646 

8080 

•S0« 

gest 

10426 

11116 

uore 

80 

u 

7060 

Ttt6 

■fOM 

fBBS 

8307 

8663 

OISIJ 

9801 

184)7 

11137 

11092 

80 

>i 

70»a 

7141 

7608 

7897 

8BI1 

8668 

8041 

0176 

0870 

10447 

11149 

19008 

11 

la 

7006 

Tt4S 

7612 

7903 

8818 

866S 

8060 

•681 

0679 

I04S7 

11161 

18086 

88 

u 

7100 

7*49 

7617 

7907 

8881 

8671 

8067 

9601 

•868 

10468 

11166 

12041 

H 

M 

7104 

IMl 

7aaa 

T8H 

8889 

8677 

SOS! 

•WO 

9807 

10478 

IIITO 

laose 

84 

u 

Tioe 

TSSH 

7«I6 

7917 

8814 

8681 

8070 

•407 

9906 

I048H 

iiioa 

12076 

8S 

ta 

ma 

7161 

7«1 

7923 

8840 

8689 

8077 

•4IS 

OOIS 

10600 

1120S 

12008 

86 

•7 

7110 

7166 

TfllO 

79»7 

884S 

8696 

8084 

•423 

9094 

10510 

11318 

13100 

•7 

SB 

7IS0 

7171 

7W0 

7SM 

8861 

8601 

8001 

•410 

ODSl 

10621 

11231 

13126 

18 

se 

7184 

7176 

7046 

7037 

8866 

8607 

80B8 

•417 

0048 

10532 

11244 

13143 

39 

'40" 

7135 

7179 

7660 

7043 

UM 

8014 

0006 

«« 

OMl 

10512 

18160 

41 

7ita 

7184 

7664 

7M8 

8867 

8680 

0013 

•4S1 

9960 

10653 

11370 

19177 

4a 

7ite 

7186 

7B61I 

roia 

8871 

8886 

0018 

•461 

9969 

10564 

11284 

19104 

41 

TI40 

7192 

7664 

rasa 

8879 

8613 

0036 

•461^ 

9076 

10576 

11297 

13312 

44 

TNa 

7i»r 

7668 

7961 

8884 

8618 

0013 

•477 

9987 

10586 

IISIO 

12229 

44 

4C 

7149 

7401 

7678 

7968 

8990 

8644 

9089 

•46S 

9998 

10597 

1133* 

13247 

45 

40 

7ISS 

7400 

7078 

T071 

8906 

8661 

9046 

•401 

lOOOS 

10608 

I136H 

13266 

47 

7 167 

7410 

76BS 

7978 

8101 

8667 

0061 

9601 

lOOIS 

10619 

11161 

132S2 

47 

4B 

7161 

7414 

7667 

7981 

61«7 

8661 

0060 

9509 

10034 

10630 

1 1366 

13300 

48 

49 

1165 

7410 

76»a 

798B 

83ia 

8609 

B067 

9617 

100S3 

10641 

118TM 

12318 

49 

SO 

7169 

7423 

7607 

■7904 

8118 

8670 

B074 

9625 

I0U41 

I06S3 

11391 

13336 

60 

SI 

7I7J 

7427 

7702 

799ff 

8134 

8683 

DOSI 

9SS3 

lOOSl 

10063 

11406 

19354 

SI 

sa 

7177 

7442 

7700 

8004 

8130 

0088 

0S41 

10061 

10074 

11430 

12373 

53 

St 

7181 

74« 

7711 

B009 

611S 

a«!M 

OOBO 

9549' 

10071 

10086 

11414 

12391 

S3 

S4 

7I8S 

7441 

7716 

8014 

6141 

B70I 

otos 

06S7 

lOOSO 

10006 

IH4B 

12409 

64 

ss 

7189 

7445 

77ai 

80»^ 

8147 

8707 

9110 

0665 

10089 

10708 

11463 

IS4S8 

66 

60 

7449 

7T8S 

eoas 

8711 

9117 

0673 

10099 

10719 

11476 

13446 

66 

ST 

7461 

7710 

8730 

0134 

0581 

1O108 

10710 

11400 

13469 

67 

SB 

7715 

8736 

9111 

OSBO 

10118 

10748 

11S04 

13484 

68 

S9 

7740 

87*3 

one 

9S0H 

1013T 

10761 

11SI8 

19503 

69 

H 

7^ 

7^ 

^ 

'W 

79^ 

gr 

8F 

w 

W] 

W 

W 

8ff' 

M 

_^^^ 

^^ 

11 

TABLE  1II.«                            60  1 

TABI*B  m 

H  or  lu 

.„,..,^.„        1 

App. 

Z 

■w 

M!° 

■j^ 

44° 

60° 

68= 

^ 

]£. 

M^ 

M 

nr 

SB" 

89" 

+, 

T^ 

+. 

+r 

+. 

, 

-, 

-, 

~, 

7/ 

~," 

« 

"lisaa 

UlftO 

»     6 

91 

78 

^1 

M 

0 

16 

33 

48 

61 

78 

1 

1XS41 

IMMt 

UH1 

a  u 

87 

OS 

BO 

31 

16 

SI 

40 

60 

74 

a 

1U6I 

11974 

W4I6 

a  30 

96 

06 

48 

33' 

16 

ao 

38' 

71. 

1 

laftw 

IM61I 

16476 

»v 

66 

OS 

40 

■0 

U 

89 

M 

59 

08 

4 

iua» 

llOU 

UUT 

SM 

11 

00 

.44 

89 

14 

38 

41 

64 

oe 

i 

IWlft 

I406S 

16S9t 

S60 

74 

66 

a 

18 

IS 

87 

40 

fi3 

04 

6 

ISSIU 

14093 

16061 

1    « 

71 

ss 

41 

87 

IS 

ae 

18 

60 

01 

1 

lWfi9 

Miai 

10736 

1   10 

m 

64 

49 

M 

IS 

» 

IT 

48 

69 

19«9 

M194 

10793 

San 

H 

68 

M 

86 

IS 

S4 

IS 

40 

67 

fl 

iiwg 

14l9i 

168S6 

iW 

(U 

SO 

*7 

»4 
94 

iJ 

-^ 

TT 

31 
83 

M_ 

45 

66 

19" 

line 

14«0 

ISwo 

3  4( 

"S" 

49^ 

IT 

~a 

51 

11 

una 

14347 

1699* 

3  so 

60 

47 

»i 

« 

81 

61      43 

69 

li 

i>t»g 

11379 

17067 

4    0 

68 

45 

•1 

aa 

30 

ID 

40 

66 

II 

l«BO 

lis  11 

17119 

4  M 

SI 

43 

«i 

81 

18 

S8 

17 

45 

14 

laaoi 

iaj3 

17311 

S     6 

48 

18 

w 

18 

17 

36 

33 

40 

IS 

IS8B1 

I4ST6 

1736H 

6  >i 

46 

16 

ao 

.IT 

10 

31 

IS 

1« 

ISBU 

I44n 

ITSOe 

a  6 

41 

11 

84 

10 

15 

aa 

89 

35 

IT 

isaei 

144411 

174  U 

e  M 

18 

10 

as 

14 

ao 

37 

3* 

IS 

IS88A 

l44Tt 

17690 

7  « 

30 

10 

at 

4 

U 

JW 

SI 

IB 

19900 

14509 

17009 

7  M 

14 

n 

m 

IS 

18 

M 

80 

lo 

laoa; 

14S1S 

1701M 

8     0 

lit 

"is" 

19 

13 

lo" 

93 

n 

1294B 

14578 

17781 

8  16 

10 

as 

17 

11 

SO 

as 

as 

ISOTO 

146II 

17870 

9     0 

38 

12 

16 

10 

84 

H 

1W91 

UQ48 

179fli 

9  W 

aj 

31 

.W 

10 

81 

SI 

llOU 

14084 

18056 

16     0 

ae 

80 

U 

19 

39 

3S 

IMtS 

147M 

18153 

16  H 

H 

u 

ID 

31 

H 

1MA9 

147&0 

18353 

11     « 

>3 

u 

9 

90 

S7 

IMBl 

14793 

IBISS 

11   M 

83 

IS 

9 

10 

IS 

lltOI 

I4SM 

U461 

13     « 

13 

6 

99 

iiite 

14806 

lesio 

11     0 

ao 

13 

8 

17 

*«" 

DUD 

14906 

14     0 

IB 

IT 

7 

16 

11 

HITS 

14944 

IS79B 

15     0 

17 

10 

0 

13 

U 

MIQS 

14963 

18030 

16     0 

10 

« 

14 

M 

IS91B 

lAoaa 

10044 

17     0 

16 

« 

13 

U 

ISilS 

isooa 

10174 

18     ■ 

14 

19 

*S 

1M66 

isiot 

19109 

19     0 

U 

11 

M 

laiBD 

16141 

19450 

89     6 

11 

4 

11 

»7 

IU14 

I61S4 

19696 

31     6 

U 

4 

10 

la 

llSStJ 

I5«W 

19749 

aa  6 

4 

10 

S9 

l»6S 

isaoB 

19909 

33     6 

11 

4 

0 

40 

lllbS 

laiii 

30070 

H    0 

4 

9 

41 

11411 

15154 

36351 

85     6 

4 

8 

4S 

IMIS 

uise 

30419 

80    0 

4 

8 

43 

1M61 

16443 

l»6U 

97     6 

4t 

13486 

15487 

iW844 

98     0 

■ 

I 

7 

43 

I3SII 

15632 

aioos 

39     6 

1 

7 

40 

USS7 

ISSTB 

31303 

16     0 

3 

7 

47 

lUO* 

isoas 

31557 

33     D 

3 

« 

4S 

IISOD 

1S6I3 

31831 

34     6 

3 

6 

0 

4S 

11615 

U781 

39131 

36    e 

3 

6 

BO 

11641 

U7T« 

33419 

38    0 

~ 

8 

^ 

SI 

11666 

16819 

B383t 

40     0 

3 

61 

IWVS 

16869 

9U36 

43     0 

8 

4 

SI 

iiTn 

15M0 

3S68S 

«•    0 

1 

1 

S4 

1174i 

15973 

21315 

5S     0 

3 

S« 

137T0 

10024 

31843 

e«   0 

1 

8 

1.6 

I3BD4 

1001  a 

85DOt 

05     1 

9 

ST 

11811 

i6isa 

30598 

0 

1 

IIBCO 

16187 

3799J 

89     1 

6 

1 

B9 

iisse 

16341 

aoiTS 

00     0 

0 

0 

M 

8r 

88° 

8»" 

18,3 

- 

"^ 

19.6 

t 

ii 

=^= 

== 

iii 

^ 

'ttKB 

a«w 

ncier 

ffi 

TABLE  III. 

lUMDIOKAL  rUM. 

JL 

76" 

76^ 

7^ 

jW7 

7^ 

^0^ 

^ 

«= 

W 

«4^ 

SSP 

W^ 

M 

aVTO 

7310 

"T46T 

mf 

8046 

SITS 

87)9 

9140 

0OOO 

ielir 

iif6S 

ilii) 

eeT4 

7314 

7472 

77JK 

8051 

81B1 

8T4S 

OKI 

••14 

10147 

■•776 

1U4J 

0078 

7118 

7476 

77*41 

SOU 

8887 

B7SS 

M69 

•OSS 

I9IS« 

I«rs8 

iisei 

CDfll 

7333 

7Ti(^ 

8«ei 

8192 

87S8 

•167 

••81 

19166 

■•TBS 

11070 

ewe 

7337 

748» 

7764 

8067 

8898 

870S 

0174 

••89 

10170 

10811 

11990 

69W 

T3SI 

7490 

7769 

8978 

8404 

8771 

MBS 

0447 

lOIBS 

l«631 

II006 

GDOl 

T3U 

7404 

7774 

8977 

841V 

8778 

•180 

••OS 

10834 

I18S0 

0«07 

7319 

7408 

7778 

e«B» 

8416 

8784 

0190 

•064 

IW05 

10848 

116)4 

TOO! 

7341 

7S01 

7781 

e«6B 

8433 

8791 

•Ml 

••7> 

I08I4 

I08S8 

11640 

0 

TOOi 

7247 

7S07 

7788 

6901 

8437 

8797 

0111 

•060 

10834 

10870 

11664 

"TOM 

7SI3 

7791 

-WW 

~S^ 

8804 

-oiii 

0«89 

wSi 

10881 

11679 

11 

701 » 

73se 

TSI6 

7706 

8104 

8a9 

8810 

9S8S 

••ar 

10844 

ll6iM 

IS 

7017 

7360 

7a9i 

7U| 

8109 

S44SI 

8817 

«SM 

•709 

10SS4 

II70D 

7031 

7304 

7SSt 

7801 

81  IS 

84SI 

8888 

9240 

0714 

10)64 

11734 

7034 

73681 

7S10 

7811 

8129 

84S7 

SUOl 

9848 

•728 

tO)T« 

11739 

IS 

7039 

7371 

7sas 

7817 

8US 

8461 

8836 

•SS5 

•781 

10)84 

I1TS5 

70» 

7377 

7Slft 

7821 

BlSl 

846S 

8841 

9962 

•7401 

10204 

11770 

IT 

7087 

7281 

7S44 

T897 

8119 

8474 

8849 

9370 

•7481 

torn 

■  1780 

IB 

7041 

728a 

7S48 

TBSl 

8141 

8480 

8SS6 

0377 

07S7 

10114 

I097B 

11801 

19 

704S 

7S8I> 

1U%. 

TBI7 

8147 

8466 

8861 

08BO 

97SS 

1B124 

10990 

11816 

19 

30 

7048 

7304 

im 

"7841 

■55* 

840) 

8869 

0208 

07741 

I03S4 

ii«n 

11633 

20 

SI 

70S3 

73081 

7062 

TB47 

8IS8 

8498 

8876 

08O0 

0761 

10844 

11914 

il84B 

91 

ss 

70e6 

TWW 

TMW 

T8U 

S16I 

8664 

868) 

wor 

9701 

I08S4 

110)7 

11868 

23 

u 

7000 

nm 

TSTI 

78S7 

8161 

8Sia 

88B9 

0tl» 

9800 

■•864 

II0S9 

11879 

23 

M 

7064 

till 

7ST6 

T861 

SI74 

asi6 

8806 

0)38 

•809 

10374 

I10S3 

11896 

24 

26 

7068 

7HS 

7080 

7867 

8179 

8SS3 

8001 

0889 

•617 

leSBS 

M004 

I19I1 

25 

30 

Tora 

TllA 

Tses 

787) 

818ft 

8S8S 

8000 

••87 

98M 

loios 

1I07T 

11937 

86 

n 

707ft 

7181 

rS89 

7»77 

8109 

a«4 

8916 

••40 

9BS0 

10405 

11069 

11943 

27 

■8 

7080 

7138 

7594 

7SB1 

8190 

BS40 

BOH 

••S> 

9844 

I»4I6 

11103 

11999 

28 

SB 

TDB4 

7U3 

Tsog 

7887 

8801 

BS46 

80)0 

0860 

9SS3 

10436 

UllS 

11976 

S9 

■w 

tmS 

7»a 

TMI 

7808 

"557 

~Sm 

898i 

woi 

•801 

l«4)T 

11137 

Tim 

80 

11 

TOM 

7141 

7608 

7897 

SSI  3 

85SB 

8041 

0878 

•87* 

10447 

11140 

12008 

)1 

u 

row 

714S 

7612 

7003 

atis 

8561 

89H 

0888 

0879 

I04S7 

1115) 

I203S 

)8 

H 

TlOO 

7149 

7617 

79« 

8SS1 

8S71 

8057 

•101 

•888 

10468 

11166 

12041 

n 

*4 

7104 

7»S 

7^3 

7912 

8S89 

SS77 

8061 

on» 

•897 

10478 

11179 

IS058 

84 

U 

Tl«8 

7aSH 

76*6 

7917 

8814 

8SB1 

8070 

HD7 

•90I 

104B( 

11193 

1)075 

SS 

U 

Tiia 

7U1 

7BSI 

7082 

8840 

8889 

8077 

»41i 

OBIS 

1I20S 

12002 

S6 

IT 

TIM 

7166 

7616 

7087 

BUS 

8S9I 

8064 

0034 

10510 

11218 

13109 

87 

SB 

TISO 

7171 

7610 

79*3 

89SI 

8001 

8001 

•9)8 

10521 

I12S1 

12126 

SB 

U 

TIU 

7175 

764S 

7917 

8SS6 

8607 

8998 

0943 

10333 

11244 

13143 

89 

'*0 

7128 

7176 

■76M 

rt43 

Bses 

8614 

900S 

9445 

OBSl 

LOS  12 

im? 

13160 

40 

41 

7112 

7184 

76*4 

T94B 

8367 

nno 

9012 

940) 

9960 

10553 

1 1870 

13177 

41 

42 

7iao 

7188 

76tU 

nifs 

8S71 

8W6 

9018 

9461 

9069 

10564 

11284 

13194 

4S 

U 

7140 

7102 

7664 

n»a 

8979 

8613 

90SS 

9469 

9978 

10576 

1 1297 

12312 

4) 

44 

7145 

71OT 

fea» 

7901 

8884 

86)8 

9082 

0477 

0087 

loseo 

11)10 

12239 

44 

U 

7149 

7401 

7671 

7968 

8SDU 

8644 

90)9 

9466 

9996 

10S9T 

11334 

12247 

4S 

46 

7JH 

7400 

7678 

7971 

8995 

8651 

9046 

949) 

10003 

10008 

11338 

I236S 

46 

47 

7410 

708) 

7978 

8501 

866T 

009) 

9001 

lOOlS 

10619 

11851 

13282 

47 

48 

7161 

7414 

7687 

7981 

8107 

8663 

9060 

950ff 

10024 

I06SO 

II36S 

12)00 

48 

49 

7181 

7419 

7693 

7969 

831! 

8669 

9067 

9S17 

100)3 

10641 

11378 

12318 

40 

SO 

7169 

7423 

TOUT 

7994 

■8sT3 

8070 

B074 

~i»^ 

\ma 

10693 

11)91 

13330 

SO 

SI 

71TJ 

7437 

7702 

7993 

8384 

8683 

DOSI 

9633 

10063 

1006) 

11406 

13354 

51 

S8 

TI7T 

7443 

7706 

B004 

8S3fl 

868H 

9088 

9S41 

10061 

10674 

11430 

12373 

52 

SI 

7181 

7410 

7711 

8009 

8115 

869^ 

9090 

«S49 

lOOTI 

10080 

II434 

1)391 

53 

S4 

7I8S 

7441 

7710 

8014 

6141 

8701 

D103 

OS57 

10060 

10006 

11448 

ss 

7189 

7449 

7721 

6030 

8147 

8707 

9110 

9S65 

10089 

10706 

1146! 

124*8 

65 

80 

7194 

7449 

772S 

602S 

HlSi 

8714 

9117 

9973 

10099 

■0719 

I14T6 

12440 

06 

ST 

7198 

74S4 

7710 

BOlO 

8720 

9U4 

95BI 

10108 

lOTSff 

11490 

13165 

67 

SB 

7203 

74CB 

7716 

eois 

6780 

9131 

9580 

10118 

10742 

11504 

12484 

58 

SO 

73W 

T4SS 

7740 

8040 

8713 

9iS8 

069H 

10137 

I07SI 

IIS  IB 

1350) 

08 

H 

75^ 

w 

77^ 

W 

79^ 

80" 

81° 

W 

-^ 

■^ 

■^ 

W 

M 

' 

^ 

^ 

TABLE  III.» 

es 

TABI^  in 

Mf^lOroNiL   PARTS. 

CORBICTIO 

N    or    TBI 

HLUK  JlWBiCnoil. 

App. 

llaigbtoftlieThern>o>ii«t>r. 

Zl 

»^ 

IB" 

44" 

W 

sb° 

03° 

08" 

2^ 

80° 

M 

W 

8(r 

8tr 

»     0 

+  . 

+  , 

T3 

+, 

SO 

i- 

,- 

16 

ts' 

48* 

m' 

Ts' 

lUXi 

1«9I6 

U8M 

18S41 

UMt 

MUI 

a  u> 

« 

68 

SO 

ai 

16 

10 

11 

40 

00 

74 

ISMI 

U9T4 

l«4)G 

3  8« 

N 

«S' 

48 

aa 

10 

U 

ao 

68 

71, 

UA80 

I*«W 

lime 

3  W 

•0 

<8 

M 

(0 

18 

IS 

89 

4S 

SO 

68 

lasos 

uoaa 

16U7 

9  M 

17 

SO 

44 

>a 

14 

14 

38 

41 

04 

66 

IMID 

I40«S 

lesM 

>  *0 

74 

S8 

a 

88 

14 

IS 

» 

40 

68 

04 

IMSD 

i4oas 

ie66i 

s    • 

Tl 

OS 

41 

ar 

la 

It 

30 

18 

50 

61 

1M6U 

Ml» 

H7M 

I  to 

•B 

fl4 

40 

>e 

11 

IS 

» 

IT 

48 

60 

11OT9 

141M 

16791 

*  Mil 

« 

68 

18 

86 

U 

IS 

« 

16 

46 

IMSB 

lllSo 

1884S 

S  W 

M 

to 

«7 

M 

u 

at 

|1 

46 

S6 

ISTJ9 

143IG 

leoac 

1  49 

et 

49' 

^ 

94 

IT 

aa 

as 

4S 

9t 

lann 

I4S17 

ie9M 

1  to 

00 

47 

» 

W 

ai 

■1 

43 

68 

latsD 

11279 

1TW7 

«   o' 

98 

45 

at 

13 

90 

to 

40 

SO 

1OT80 

IISII 

mas 

1  M 

01 

43 

«i 

31 

19 

as 

IT 

45 

IWOI 

USU 

17211 

t     « 

48 

18 

» 

16 

I.T 

as 

U 

40 

ISWtl 

HS76 

17888 

6  H 

4S 

U 

u 

IT 

IS 

94 

tl 

ts 

lasi! 

U40e 

17t6e 

6     • 

13 

u 

W 

IS 

•a 

39 

15 

13863 

144« 

IT4U 

0  •< 

18 

to 

m 

14 

U 

so 

8T 

18 

IWBS 

1447* 

WSW 

7     0 

» 

38 

ai 

14 

U 

]» 

*s 

11 

IS9CW 

14109 

i7Cog 

T  10 

S4 

»7 

»• 

IS 

18 

U 

SB 

"» 

1308; 

I464S 

1701(4 

$     0 

M 

as 

19 

IS 

TT 

33 

37 

n 

ia9iv 

HS78 

lT78i 

8  10 

M 

IT 

11 

IS 

30 

86 

a 

liOTO 

i4ets 

1T878 

0     0 

ae 

38 

Ifl 

84 

at 

lawi 

lists 

1790* 

9  W 

37 

SI 

.10 

10 

as 

SI 

tS014 

14681 

I80M 

10     • 

80 

U 

10 

81 

u 

l*M6 

U1» 

IMSa 

lOM 

34 

10 

U 

10 

81 

M 

»wa 

I4TM 

istsi 

11     • 

31 

30 

9J 

iwei 

uim 

l«Ui 

11  M 

as 

IT 

9 

10 

» 

IIIOI 

I4BSA 

IA46I 

1*    0 

31 

17 

8 

* 

18 

M 

1SIS6 

I4e6« 

^11 

1)    0 

30 

10 

fi 

17 

■a 

iat4S 

I490fi 

isew 

14    D 

11 

T 

"u 

10 

SI 

ISITS 

11911 

1879S 

19     0 

13 

« 

16 

u 

UIQS 

iinss 

18DM 

10     0 

13 

« 

M 

ISS19 

ISDJtl 

lOOlt 

IT     0 

13 

6 

M 

i»ia 

ISM3 

19174 

18     • 

11 

( 

12 

U 

ISiM 

laioi 

19S0g 

19     9 

10 

11 

SO 

istoo 

iiiit 

194M 

90   a 

10 

II 

ST 

IMN 

IS181 

lM9e 

31     « 

9 

10 

S8 

IMtB 

IS»M 

19T49 

3t     • 

10 

IV 

ims 

uaae 

19909 

SS     • 

8 

4 

9 

40 

UIM 

ISSll 

S007a 

34     0 

8 

~t 

~T 

9 

41 

lS4tl 

15tM 

aoasa 

3S     0 

8 

4 

8 

41 

lUIS 

uaitt 

9MI9 

as  0 

8 

4 

43 

JS4M 

15443 
11487 

3004 
^44 

ST   e 

38     « 

7 

1 

a 

8 
T 

4S 

ISS33 

sioas 

39     fl 

6 

J 

W 

uaS7 

IStTtf 

2J3D3 

SO     0 

6 

7 

47 

IKM 

1:^035 

iliSl 

sa   0 

3 

« 

48 

IIMO 

IM7J 

31831 

S4     0 

i 

3 

« 

49 

ISGU 

UT9I 

asist 

SO     • 

5 

3 

e 

se 

1»«41. 

ISTTV 

S131S9 

ill    0 

8 

e 

SI 

U0l« 

azssi 

4b     0 

t 

6 

(U 

i&ae« 

saaae 

4t   a 

4 

8 

4 

IS 

ti«a 

3S68S 

so    0 

8 

■ 

S4 

l)T4i 

isora 

lOOSt 

3I3U 

31IM3 

SS     0 

■ 

a 

1 

1 

a 

&a 

urn 

leojB 

sseog 

OS     0 

3 

1 

3 

M 

iseu 

161S8 

aosoe 

T«     « 

1 

0 

SB 

ISHGO 

181BT 

37993 

80     0 

9 

BB 

11888 

1624S 

S017{ 

00     0 

0 

0 

0 

H 

87*  1  88° 

SO- 

ts.s 

- 

'zr 

__ 
10,6 

I0.(* 

— 

~ll. 

^  - 

irths 

■HI 

BS 

^K 

OB 

=59 

ES 

SS 

9^ 

: i 

70 

TABLE  IV. 

TABLE V 

TABLE  VI 

MBAM  KEFR ACTION. 

M;2r 

Sioi'iPuil- 
hxinAlL 

Iff 

Refr. 

^ 

Refr. 

S 

RefT. 

w 

Re(r. 

m 

Rofr. 

i 

Dtp. 

■i 

i 

O      • 

TH 

0     ' 

'     * 

0     ' 

T~7 

a     > 

a 

1 

'     » 

1 

1 

a   0 

sa  10 

II  91 

6     0 

a    5 

S   10 

0  14 

0  4« 

10     0 
ID  » 

6   15 
6   10 
6     6 

K    0 
M  10 

WW 

S  SS 
8  t4 

ssa 

14 
U 
IS 

0 

so 

0 

1  94 
1  SI 

1  91 

^ 

0  ID 

TTs 

o" 

0   lA 

SO  ss 

5   IS 

10  10 

6     0 

U  SO 

S  SI 

U  SO 

1  ao 

1  9) 

16 

0  SO 

99  SO 

5  90 

09S 

10  40 

4  66 

10  40 

9  SO 

H 

• 

1  18 

I  40 

90 

0  as 

99    e 

5  96 

10  SO 

4  61 

10  B8 

9  SB 

M 

at 

1  IT 

1  60 

80 

0  so 

te  9S 

5  SO 

0     8 

11     O 

4  4T 

11     » 

9  ST 

IT 

0 

1  16 

9    9 

40 

0  IS 

*T  41 

S  SS 

9     1 

11  1ft 

4  4S 

n  10 

9  S6 

I7t0| 

1  14 

9  91 

60 

0  40 

37     0 

5  40 

8  54 

It  90 

4  SS 

1190 

996 

IB 

0 

1  IS 

a  SS 

SS 

0  48 

38  90 

5  43 

8  47 

It  SO 

4  14 

>ito 

9  24 

M 

w 

1  11 

S  44 
S  SS 

60 
66 

0  60 

9573 

Tlo 

Ta 

iTiir 

TaJ 

im 

a  93 

19 

^ 

TT6 

0  53 

9S     5 

S  55 

8  U 

11  60 

4  ST 

11   60 

9  91 

10  SO 

1     0 

70 

I     0 

94  SO 

0     0 

8  B8 

19    0 

4  31 

19     0 

9  30 

10 

1   e 

Tlo 

76 

1     6 

9)  S4 

e   s 

8  91 

19   10 

4  SO 

19   10 

9  10 

■1 

1     5 

B  10 

SO 

1  la 

23  SO 

e  10 

8  IS 

19  90 

4  10 

19  90 

S  IB 

19 

1   a 

S  ST 

BS 

1  is 

99  4T 
99  IS 

e  15 

S90 

8    0 
8    S 

19  SO 
19  40 

4  IS 

4     0 

19  SO 
19  40 

S  IT 
9  IB 

u 

44 

1   1 

0  60 

s  so 

S  49 

PO 

1  so 

1  a 

91  44 

eas 

7  67 

19  60 

4     8 

19  60 

S  IB 

ts 

0  67 

S  50 

TAB.  va  1 

1  so 

81   IS 

«ao 

TBI 

IS    0 

4   a 

a   0 

S  14 

10 

0  65 

S  ST 

MooDt     1 

1  is 

SO  40 

s  as 

T  45 

IS   10 

4     0 

U  10 

S   IS 

IT 

0  68 

4     4 

4  11 
4  IT 

Anpn«rt«.| 

90  IB 
ID  S) 

e  40 

045 

T  40 
7  16 

IS  90 
1180 

a  ST 

I  54 

IS  90 

IS  so 

S   12 
9   11 

19 

0  SI 

0  40 

AU. 

jAngm 

I  4i 

—  » 

1  SO 

10  as 

a  so 

7  10 

U40 

I  SI 

IS  40 

3   10 

SO 

0  48 

TT 

4  9t 

« 

1  Si 

10     0 

6(5 

7  95 

IB  SO 

a  48 

IS  60 

0  40 

99 

4  so 

6 

a   0 

18  U 

T     0 

7  90 

14     0 

I  45 

M     0 

a    B 

19 

0  44 

9S 

4  so 

10 

S 

9    fi 

18  11 

7     S 

7   16 

14  10 

a  4S 

14  10 

9    T 

U 

0  43 

94 

4  49 

IS 

i 

3  10 

IT  48 

7  10 

7  11 

14  90 

a  40 

14  90 

9    6 

M 

0  41 

SO 

4  sa 

90 

8 

S  15 

IT  SO 

7  IS 

T     6 

14  SO 

a  88 

14  SO 

a   B 

W 

0  40 

18 

6     6 

96 

9  90 

IT     4 

T  90 

7     9 

14  40 

a  as 

14  40 

a   4 

S6 

0  38 

SO 

6   IS 

SO 

2  95 

16  44 

79S 

8  67 

14  60 

a  as 

14  60 

s   s 

ST 

0  37 

95 

40 

5  SB 

35 

0 

9  to 

10  S4 

Ts3 

8  6S 

15     0 

a  30 

ir-0 

1-9 

SB 

-ow 

40 

To" 

9  SS 

Id     4 
IB  46 

7  S5 

740 

8  40 
046 

16  10 
16  90 

a  96 
ai6 

16   10 
16  90 

3     1 
9     0 

S» 
00 

0  M 
0  t3 

4S 

0  37 

SO 

IS 

9  40 

60 

0  46 

9  4S 

IS  97 

7  45 

0  4! 

15  SO 

894 

16  SO 

I   SB 

n 

0  33 

7  85 

IS 

a  to 

It     S 

T  H 

«  17 

16  40 

a  91 

16  40 

1  68 

SS 

0  30 

TO 

8     1 

60 

14 

9  6» 

14  63 

TBS 

«SS 

15  60 

S  19 

16  60 

I  BT 

BS 

0  SO 

B  34 

TO 

IS 

S     0 

14  16 

8    • 

e  so 

16     0 

a  IT 

SO     0 

1   66 

64 

0  S8 

90 

0     6 

BO 

15 

■     8 

14  90 
14     4 

8    S 

B  10 

096 
899 

16  10 
16  90 

S  IS 

S  19 

M  10 
H  » 

1  SS 
1  65 

05 
S6 

0  SO 
0  S5 

100 

0  as 

00  1  IB     II 

>  10 

S  IS 

11  40 

8  IS 

S  IB 

16  80 

S  10 

M  10 

1   61 

BT 

0  94 

TABLE  Vin. 

D^dirfer.Dnlucei 

s  so 

IS  U 

8  M 

6  15 

16  40 

S     8 

16  40 

1  51 

M" 

"OM 

S  Si 

11  90 

Bis 

6  11 

16  60 

S     6 

M60 

1  BS 

BO 

0  S9 

S  10 

IS     0 

8(0 

e  B 

IT     0 

S    4 

n  0 

1  51 

ro 

0  91 

S  t£ 

la  s) 

8  SS 

e  6 

17  10 

S    1 

IT  IB 

1  50 

ri 

0  19 

If 

H^^.;^b.  1 

S40 

la  40 

8  40 

e   I 

17  90 

a   1 

17  SO 

1  49 

ra 

0  18 

S  46 
9  SO 

IS  9T 
IS  IS 

19   a 

8  4S 

BSD 
8  66 

S  58 
3  59 

IT  SO 
IT  40 
IT  SO 

9  SO 
S  67 
S  66 

17  46 

18  0 
18  IS 

1  48 
1   4T 
1  46 

73 

0  IT 
0  16 
0  IS 

i 

T 

io 

TT 

» 

15^ 

W 

75 

~~i 

■p 

»' 

W 

aa 

38 
19 
IB 
TT 
10 

W 

14 

n 

IT 
14 
IS 
9 

4    0 

n  SI 

ft     D 

S  4B 

18     0 

9  64 

IB  SO 

1  4S 

TO 

0  14 

,* 

4    G 

II  40 

9     5 

18  10 

9  69 

IB  4S 

I  44 

TT 

0  13 

1 

IS 

io 

8 

TTo 

ms 

■ola 

"Tis 

iTso 

S  61 

K     0 

1   49 

T8 

0  19 

-TT 

■J- 

■s 

4   IS 

11   18 

9  16 

s  as 

18  ao 

S  40 

10  80 

I   40 

TO 

0  11 

J| 

4  90 

II   e 

090 

5  ae 

IB  40 

S  4T 

10     0 

0  10 

9 
3t 

4  9S 

10  S8 

996 

5  S4 

18  SO 

a  48 

loat 

I  17 

Bl 

4  BO 
4SS 

9  to 

19    0 

S  44 

1  SB 

BS 

10  ae 

9  U 

6  98 

19  10 

9  43 

11  ao 

1  SS 

M 

0     T 

I 

"6 

T 

4  40 

10  so 

940 

695 

19  90 

9  41 

IS    0 

1  SI 

M 

•     6 

"* 

6 

8 

4  45 

10  so 

946 

S  SS 

10  ao 

a  40 

19  80 

1  so 

86 

0     4 

5 

8 

4  50 

10  11 

10    a 

9  60 
0  56 

S  90 

10  40 
19  60 

9  SB 
9  17 

U    0 
IS  SO 

1   98 
1   tl 

S8 
M 

•     9 

0     0 

6 

4  66 

T 

T 

T 

"4 

6 

T 

« 

TABLE  IX.                                               71 
Uken  by  a  Fore  Obwrration. 

DlH- 

Halghl  or  Iha  Ej<  aboTe  Um  8m  In  feet                                 |  |{ 

0 

H 

lU 

11 

lii 

IH 

au 

9a 

94 

96 

3H 

X) 

33  131 

16 

5  %0 

6  V 
flU 
A  40 
I     0 
T  SO 
T  40 
8     0 

4^8 
G.S 
S.T 
6.0 
6.i 
6.7 
6.H 

7, a 

3'.S 
4.0 
4.G 
4.0 
C.4 
5.7 
6.0 
6.3 
G.G 
6.8 

I'.l 
S.G 
4.1 
4.6 
5.0 
6.3 
S.7 
6.0 
6.9 
6.S 

J'.  8 
S.) 
9.8 

4.3 

4.7 
5.0 
3.4 
5.7 
5.9 
6.9 

a-.s 
1.1 

I.S 
4.0 
4.4 
4.7 
5.1 
5.4 
5.7 
5.0 

a'.i 
a.B 
1.1 

1.7 
4.1 
4.5 
4.8 
B.l 
0.4 
6.7 

a'.u 
I.l 

1.5 

s.o 

4.1 
4.6 
4.9 

s.a 

5.4 

I'.b 

9.1 

2.B 
9.1 

I.T 
4.0 
4.4 
4.7 
4.9 
5.3 

r.b 

8.1 
3.6 
>.U 
1.1 
I.B 
4.1 
4.4 
4.7 
S.O 

r.i 

1.0 
3.4 
8.8 
3.8 
S.« 
I.S 
4.1 
4.5 
4.( 

l'.9 
1.7 
9.9 
2.6 
3.0 
3.4 
8.7 
4.0 
4.1 

I'.O 
1.5 
3.0 
9.4 
9.8 
1.2 
S.5 
1.8 
4.1 
4.4 

O-.B 
1.1 
1.8 

a.2 

3.0 
1.0 

I.l 

i.e 

1.9 

4. a 

1.6 
9.1 

a.s 
a.B 
i.a 

1.5 

1.8 
4,0 

ly.i 

1.0 
1.5 
1.9 
3.1 

a. 7 

1.0 

I.l 

1.0 
1.0 

O'.l 
0.8 
1.1 
1.7 

a.o 

9.S 
9.7 
9.1 
1.4 

1.7 

8  W 

8  40 

9  U 

g  m 

S  10 
10     0 

10  80 

11  0 

11  to 

19     0 

T.S 
I.l 
T.B 
8.1 
8.1 
8.S 
8.7 
B.9 

7.1 
7.1 

7^0 
8.1 
B.l 
8.6 
8.8 
9.9 

6.7 
7.0 
7.S 
7,4 
7.( 
7.8 
8.0 
B.i 
B.4 
8.7 

e.fi 
6.7 
6.0 
7.1 
T.S 
T.5 
7.7 

b!i 

8.1 

6.i 
6.4 
6.0 
6.8 
7.0 
7.9 
7.4 
7.6 
7.8 
8.0 

G.e 

6.1 
6.4 
6.6 
6.7 
6.9 
7.9 
7.1 
7.6 
7,8 

5.7 

5.9 
6.1 
6.1 
6.5 
6.7 

7.1 
7.4 
T.6 

B.6 
5.7 
5.9 

s!l 
6.G 
G.7 
6.9 
7.1 
7.1 

5.2 
6.5 
6.7 
6.0 
8.1 
6.8 
6  5 

a.B 

5.0 
6.9 

5.5 

5.7 
6,8 
fl.O 
6.1 
B.G 
6,7 
6.9 

4.8 
5.0 
B.S 

6,6 
6.6 
6.8 
6.1 
6,1 
6,6 
6.7 

4.6 
4.8 
B.l 
5,3 
5.4 
5.6 

oil 

6.3 
6.5 

1.1 

4.7 
4.0 
5.1 
6.3 
6.4 

6,9 
6.1 
6.1 

1,1 
4,5 

4.7 
4,9 

6,1 

i.l 
6.0 
6.3 

4.1 
4.3 

4.5 
4.7 
4.0 
S.l 
6.4 
6.6 
6.8 
6.0 

4.1 

4!7 
4.9 
5.9 
5.1 

6.6 

6.8 

II     ( 

14  Q 
It     0 

le   e 

17  0 

18  « 

15  c 
M     « 
tl     € 

a  0 

9.6 
fl.9 
10. S 
10.4 
10.0 
10.8 
U.O 
11.1 
11.9 
11.4 

9.1 
9.6 

io!a 

10.4 
10.6 
10.7 

1!:3 

tt.U 
9.9 
9.B 
0.7 
9.B 
lO.I 
lO.I 
10.4 
10.5 
10.7 

B.7 
8.9 
9.9 
9.4 
9.6 
9.8 
10.0 
10.1 
10.9 
10.4 

».l 
8.7 
8.0 
O.J 

9.1 
0.8 
10.0 
10. 1 

B.l 
8.4 
8.7 
8.9 
9.1 
0,5 
0.4 
9,6 
9,7 
9.8 

7,9 
8.9 
8.4 
8.7 
8.9 
9.0 
9.9 
9.1 

9.6 

B^a 

8.4 

s'.s 

0.0 
9.1 

o.a 

9.4 

7.4 
7.7 
B,0 

B.a 

8.1 
8.6 
8.8 
8.9 
9.0 
9,1 

7,9 
7,5 

7,8 
8.0 
8.9 
8,1 
6,6 
8,7 
B,8 
8.9 

7.1 
T.6 
7,8 
B.O 
8.9 
8.1 
8.6 
8.6 
8.7 

6.8 
7,1 
7.4 
7.6 
7.8 
8,0 
8.1 
8.9 
8,4 
8.5 

6.6 
6.9 
7.1 
7.4 
7,6 
T.S 
8.0 
8.1 
8.9 
8.1 

6.5 
6.8 
7,0 
7.9 
7.4 
7.0 

T.b 

7.9 
8.1 

B.a 

6.1 
6.6 
0.9 
7.1 
7.3 

7.0 

7!o 

8.0 

6.4 
•-7 
6.9 
7.1 
7.1 
7.4 
7.6 
7.7 
7.8 

»  ( 

U     0 

U     0 

M     0 

n  0 

K    0 
H    « 
H    0 
14     0 
W     0 

ll.t> 
11.6 
11 .7 
11.7 
ll.B 
ll.» 
19.0 
19.9 
19. S 
19.4 

11.1 

11.9 
ll.S 
11.4 
ll.S 
11.6 
11-7 

Ii.a 

11.9 
19.0 

10.8 
10.9 
11.0 
11.0 
11.1 
11.9 
ll.l 
ll.S 
11.0 
II. 7 

10.5 
10.6 
10.1 

io'.» 

10.9 

U.O 

11  .a 
ll.l 

10.1 
10.1 
10. 1 
10.3 
10.5 
10.8 
10.8 
10.0 
U.O 

9.0 
ID.O 
10.) 

10. a 

10.1 
10.4 
10.5 
10.0 

10.7 
10.8 

9.7 
9.8 
9.9 
10.0 
10.1 
10.3 
10.1 
10.4 
lO.fi 
10.6 

9.5 
9,6 

0.7 
0.8 
9.0 
10.0 
10.9 
lO.I 
10.4 

9.9 
9.1 
9.4 
9.5 
9.6 
9.7 
9.8 
9.0 
10,1 
18. a 

9.0 
9.1 
0.9 
9.1 
9.4 
9.5 
9.6 
0.7 
9.9 
9.0 

8.8 
8.9 
9.0 
9.1 
9.3 
9.1 
9.4 
9.5 
9.6 
9.7 

8  6 
8.7 
8.8 
8,9 
9.0 
0.1 
9.9 
9,1 
0.4 
9.5 

8.4 
8,6 
8.6 
8.7 
8.8 
B.O 
9.0 
0.1 
9.3 
9.3 

8.1 
8.4 
8.6 
8.6 
8.6 
8.7 
8.9 
9.V 
9.1 
9.9 

8.1 
8.3 

s!4 
8.5 
8.8 
8.7 
B.ft 
8.9 
9.0 

T.9 
B.O 
8.1 

B.a 
8.8 
8.4 

e.i 
8.6 
8.7 

8.8 

18     0 
10     0 

la  1 

M    1 
IB     0 
W    0 

»  a 

U     0 

se   n 

la.s 
i9.a 
ii.a 

IS.7 
19.1 

19.8 
19.8 
19. S 

Ii.a 

II.O 

1*. 
1S.8 
19.9 
ll.l 
19.4 
19.4 
19. S 
I9.I 

ia.« 
ii.« 

11  j 

19.0 
I9.t 
19.9 

19.9 
ll.l 
19.1 

11.5 

Li!: 

11.7 
11.8 
11.9 
ll.S 
19.0 
19.0 

11.9 
ll.l 
ll.l 
11.4 
11.5 
11. 5 
11.6 
11 .0 
11.7 
11.7 

10,9 
11.0 
ll.l 
ll.l 
11.9 
ll.l 
ll.l 

u!. 

10.7 
tO.B 
10. B 
10.9 
11.0 
11.0 
11.: 

Ill: 
ll.l 

10,5 
10.6 
10.6 
10.7 
10.7 
lO.B 
10.9 
10. 0 
U.O 
11.0 

10.9 
10.1 
10.4 
10.5 
10.6 
10.6 
lO.I 

10.*! 
10.8 

lo.o 

10.1 

10.9 
10.9 
10.1 
10.4 
10.4 
lO.S 
lO.G 
I0,« 

9.B 
9.9 
10.0 
10.1 
10.9 
10,1 

10  !i 
10.1 
10.4 

9.( 

9.8 
9.9 
10.0 

lo!: 
le.i 
lo.a 

e!i 

0.6 
9.7 
0.7 
9.8 
9.8 
9.9 
O.S 
10.0 

9.4 
9.4 
9.5 
9.8 
9.6 
9.7 
9.7 
9.8 
9.8 

9.1 
9.9 
0.3 
0.1 
9.4 
O.S 
9.6 
9.8 
9.6 
9.7 

B.O 
9.0 
9.) 
0.1 
0.9 
9.1 
9.1 
9.4 
9.4 
9.6 

>8    u 
M   a 
m    D 

B4     C 
M     « 

10     < 

W     1 

18.« 
IS. 
11.1 
ll.S 
11.9 
IS.t 
18.. 

u. 

19. 
12. 
19. 
13. 
19. 
13. 

19.4 
19.4 
19. G 

19.5 
19.6 
19.7 

19. 
12. 
19.1 
19.1 

la.i 

IS. 

ii!i 
ii.fa 

ll.S 

ll.S 

la.o 
la. 

ll.l 

llj 
11.6 
11.7 
ll.B 
ll.S 
13.0 

11.1 
ll.l 

11.4 
11.4 

11.' 

ll.B 

11.1 
11.1 

u.a 

11.3 
11.1 
11.4 
11.6 

loj 

lO.V 
U.O 
11.0 
11.9 
11.3 

10. « 
10. c 
10. 
10.7 
10. « 
10.8 
It.O 

It. 

10.4 
10.4 
10.5 
19.6 
10.6 
10.6 
10.8 
10.9 

10. a 
lo.a 

ID.l 
10.1 

19.4 
10,4 
10.0 
10.7 

lO.U 
10.1 
lO.I 
10.1 
10,3 
10.3 
10.. 

9.S 
0.0 
9.9 
10.0 
lO.i 

lo!: 

10.4 

0.7 
9.7 

9.1 

9.1 
9.9 
10.1 
10.9 

9.6 
9.6 
9.6 
9.8 
9.7 
9.7 
9.0 

io.o| 

Month    1  Ju..  1 

Feb. 

M«r.j  April    M«j 

Ju.e|jul,| 

w. 

SepUOrUlN^,. 

Dec. 

CorrectJ+O'.al- 

-t-o-.i!  o-.o   -V.i 

-u'.il-t-o'.il+o'.a 

±?y 

b,  Google 


TABLE  X.                                                  ll 

Sun's  Diclinatiom  fbr  the  Ynn  1836,  1840, 1844, 1848,  &&          {| 

M-T 

AuR. 

Oct. 

ti^. 

s^Mh: 

1 

1 

KorOi 

in  4 

17  17  7  27 

4  40 

15  Ifl 

IS    f 

M    7 

1  IS 

3  IH 

14  Ss'tl  53 

7    07    4 

5    i 

15  81 

n  i> 

»    t 

7  41 

'  sit 

3  41 

14  5229     ! 

9 

<  4)  t  4t 

S  V 

S  41 

n  tl 

H  5t 

7  SI 

?  88 

4    1 

IS  ll'9S  V 

X 

<  Ul  18 

5  41 

6    i 

12  21 

7  11 

'    H 

4  St 

15  99,92  l: 

4 

IS    711  S5 

12  35 

4  51 

15  4829  2« 

5 

ma 

16  48  I  82 

tt  41 

R  SI 

1  81 

A  14 

16     022  & 

H  Ifl 

16  SO  k    8 

R  5; 

18  5< 

18  4) 

R  SI 

5  ;i; 

16  93 '32  4< 

7 

42 

IS  IS  1  4S 

7  W 

17  II 

12  5} 

MSf 

R    1 

•>  30 

H    ( 

16  4t^2  4< 

8 

8  i: 

4  S3  1  21 

7  4! 

17  1; 

12  5t 

n  81 

5  41 

1  13 

R  S! 

16  69-22  S: 

9 

) 

n  4 

14  S3  S  S8 

8    4 

17  4S 

13    i 

28  U 

5  31 

4  61 

6  4( 

17  15  22  SS 

10 

1  a 

4  14  3  34 

K  W 

17  51 

»    ] 

12    f 

5  11 

1  2H 

7    t 

17  3983     : 

H  i: 

11  6] 

4  5.1 

I     5 

17  4S23     1 

12 

1  » 

S34r  47 

9  II 

ISK 

Rl  ll 

II  41 

4  X, 

1  48 

7  5! 

18    4  28  l: 

13 

1  >i 

13  14  1  84 

9  31 

18  41 

23  It 

11  4r 

4   1) 

1  19 

8  I( 

IB  20  23   li 

U 

Si  IS 

IS  S4  8    0 

9  S3 

IS  67 

83K 

21  30 

S  6! 

8  56 

8  38 

18  35,23  Ifl 

IS   1 

*i    . 

IS  33  1  88 

10  h 

19  11 

m  « 

11  SI 

i  4( 

1  33 

18  50  23  9 

16 

aiM 

IS  18  L  IS 

10  3( 

IH  2< 

S  H 

!l   11 

3  81 

1    9 

9  21 

19     5^3  23 
IS  1933  25 
IB  33^3  96 
IB  4783  97 

17 

0  4 

II  SI  )  49 

10  Al 

IB  r: 

II     ( 

3    1 

1  4R 

9  4< 

18 

on 

11  SOIXS 

ll  i: 

2  51 

at  s; 

•0  4( 

8  4: 

1  83 

10    ( 

19 

0  l( 

II     9)    IS 

II  SI 

0  : 

13  8! 

mx 

s  2; 

>6B 

10  3J 

20 

(P    1 

ID  47  )  S3N 

11  SI 

A  15 

n  St 

to  Si 

8  : 

>3R 

10  41 

30  13^  9t 
80  96';t3  97 
n  38B3  90 
90  90;23  24 

91 

ID  IS  )  46 

18  11 

a  r, 

(0  If 

I  41 

11    II 

98 

IS  SI 

«)81 

rs  8: 

10     I 

1  SI 

II  31 

23 

at. 

9  48  1  S3 

IS  51 

10  5< 

tS  8f 

19  81 

1     1 

II  51 

94 

19    7 
18^3 

9  80  1  57 

13  18 

11     I 

ts  s< 

IB  37 

U  4! 

1  58 

18  13 

99 

8  57  1  80 

18  34 

SI  13^  9( 

SI  S3  23  17 

8  85  1  44 

18  51 

tl  8 

n  SI 

19  II 

9  5t 

1  44 

18  Al 

97 

8  183    7 

14  II 

m  i; 

IK  57 

B» 

1     N 

13  l< 

28 

7  SO  1  30 

14  84 

81  4 

83  l< 

IH  4: 

H  i: 

18  3h 

tl  3323  14 

)  64 

14  SI 

81  S< 

88  II 

18  it 

8  5f 

t  56 

13  54 

)1  43«3  l< 

30 

17  S4 

-4  17 

193    5 

TABLE  XIL                                               H 

Dorrect  the  Sua'a 

Bedlnation  for  the  change,  in  periods  of  Pour  Y< 

tan. 

M0NTB8.                                                1 

|i 

jAMDAaV.                1 

Fhkvakt. 

Hamb. 

D.y,.                1 

D.?.. 

D.T.. 

* 

IS     19 

26 

1 

k 

ks 

IB 

86 

V ' 

IS 

19 

95 

=f 

-*" 

-^    -^ 

■? 

•uk 

0 

1 

1 

4 

0 

0 

0 

I 

I 

8 

9 

19 

1 

I 

1 

3 

16 

I 

9 

2       8 

S 

8 

90 

Afui. 

Mat. 

JVKC 

T-V 

D.T.. 

D.T-- 

f 

1« 

^ 

^ 

J 

J 

-d. 

M. 

•^ 

•^ 

•^ 

^ 

, 

, 

1 
1 

I 

1 
1 

1 
1 

0 

1 

0  0 

1  I 

0 

0 
0 

4 

* 

8 

9 

1 

0 

19 

3 

S 

9 

8 

1 

I      1 

0 

16 

L 

-a 

TABLE  X.  7f 

Sum's  Diolination  for  the  Yean  1837, 1841, 1846, 1849,  &e. 


TABLE  XII. 
To  correct  tHe  Sun's  Declinadon  for  the  change*  in  periods  of  Pour  Year 


'6 
TheJ 


TABLE  XIII. 
and  Tiwi.tM.Tinw  nf  Hw  PTj«r^rAi.  Fnip 
Stabb,  adapted  to  Januabt  1834. 


PegNoi.. 


AiidmKDeda... 
Una  Minor... 

ErUuiu 

Aria 

P«wai 


ZSyiiSr. 


0  4  41 
OSI 

1  039 
I    0S4 

1  ai  81 

1  S7  so 
9  S3  37 

157  sa 

3  19  SI 
<.96  94 


ft  4* 
«U 
S  llr  48 
9  IS  14 
B  13  09 
B  )7  4S 

5  S9S8 

6  46  II 
6  90  IS 
fl  87  90 


+  S.08 
+  S.S4 
+  3.S0 
+19.  M 
+  9.94 

+  a.s9 

+  S.  13 
+  S.89 

1±~ 


U  15  a 

55  37  S 
34  44  SON 
88  95  SON 
S8  4  54  S 
tt  40  97N 
S  K  3N 
40  18S6N 
49  15  48N 
l«  10    9N 


45  4S  UN  ~ 
8  93  57S 

98  97  S5N  ' 
6  11  S5N 

0  95  «9S 

1  18  918 
S4  10  IO:S 

lOJS 
59  86  97S 
IB  98  1^8 


OrloD  „.. 
THinu  . 
Orion  .... 
Orion.... 


7  94  Ml 
7  SO  87 
735    9 

7  97  49 
'    4  95 

8  40    8 

9  1194 
9  19  96 
9  59  89 

IS  SI  17 


+  4.*1 
+  9.88 
+  8.78 
+  8.91 
+  8.00 
+  3.04 
+  9.17 
+  8.94 
+  1.38 
+  1.85 


Atro  N«rU  , 
AffoNtvii  , 
AffoNavii  . 
Am  Naria  > 
Bjin  „. 


+  9.11 

+  1.85 

+  1.66 

+  0.74 

+  9.95 

+  8.99 

+  a.  71 


89  14  49N 
S  8ft41N 
IS  9fi  I4N 

39  89  US 
46  SI  4S 
94  6  17S 
68  9  16 S 
7  S6  33S 
19  4fiMN 
57  18  14 N 


89  ^S  «N  " 
IS  ao  IN 
St  37  5N 
6i  10  4  " 
S6  10  41 S 
10  17  3IS 
50    8  40N 

S9  34  es 

65  10  leN 

90  8     9N 


M^or., 

Cnu  ..._ , 

Crux -. 

Vino  

Una  M^... 

CentaoT  » 

Dnco 

BootM 


nts  4 

19  17  96 
IS  91  59 
13  16  97 
13  40  99 
IS  99  11 
13  99  93 
It     8 


3.07 

3.19 

+  3.9fl 

+  8.94 

+  8.19 
+  9.35 
+  4.14 


14^5*3    - 
14  98  97 

14  41  48 

15  8  1 
15  97  40 

15  36     ~ 

16  18  14 

17  7  6 
17  97  14 
17  99  45 

'is  ai  10 

19  49  41 
90  U  d8 
90  35  47 


1S.» 

+  15.*» 

+  15.17 

+  18. C7 

-  J9.37 

-  II. 7B 
+  8.53 


"+    i.n 

+     S.ffl 

-  10.96 
+  19.61 
+  15.  M 

-  17.95 

-  17.97 

-  19.09 
+  19.31 
+  19.0 
+  90.0E 


Centaor  ... 


Corona  Borealii...^ 


Serpena  .. 
Ophiuchiu 

Paro 

CyfT""  

Cepb«ui  ,„...„. 

Gnu  .^ 

PhcAuitralla.. 

PegMM  

PecAlDS 


...AXTAU* 

...Hat  Algethi.. 
...Hat  Aihague . 


91   I 


37 


II  57  1 
91  57  i 
99  48  28 
99  65  49 
99  55  30 
93  59  49 


39  9  IS N 
80  8  39  8 
19  90  t7S 

B  49  53S 
97  16  49N 

6  97  UN 
96  3  188 
14  15  9N 
19  41  I6N 
51  30  41 N 
38  38  OON 

8  90  SN 
67  15  97 » 
44  41  98N 
61  53    3N 

1  7  998 
47  45  MS 
30  19  S8S 


87  I 


9N 


TABLE  XIV.                                         77 

sun's  MBAN  RIOBT  ASCBMBION. 

D-T-. 

Jan. 

Feb. 

H>r. 

April 

ltn.y 

June 

Jul, 

Aait. 

aepL 

Oct. 

Nov. 

Om. 

D.y.. 

1.  m 

1.   a. 

1.  m 

1.  ■ 

1.   ni 

1.  m. 

1.     B1 

I.    m 

h.  n. 

IS  4 

10.11 

M  41 

•  4: 

3  S 

4  li 

0  4< 

»  iR 

10  4 

13  T 

IH  B 

II  u: 

0  41 

1  t 

4  41 

•  44 

8  «( 

lU  4 

13  1' 

IS  a 

II  a< 

a  fi< 

3  4 

4  4: 

0  4t 

8  Al 

10  41 

13  11 

14  i: 

Ifl  IT 

IS  s 

II  It 

33  St 

0  Al 

3  4 

«5S 

«  t( 

13  41 

14  11 

Ifl  47 

It  K 

>l   14 

31  US 

0  SO 

4  43 

a  sa 

9  (K 

to  AA 

IS  43 

14  41 

to  IS 

II  n 

II    l> 
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437587 

45331) 

468T01 

484046 

499244 

3 

K8 

367825 

374067 

190196 

406205 

423091 

4)7848 

458472 

468058 

484)01 

490190 

2 

K0 

358006 

174117 

190403 

406471 

4)8110 

453731 

400315 

4S4555 

499748 

1 

SO 
U 

358368 

174607 

390731 

406737 

433618 

4)8371 

453990 

460473 

464810 

600000 

_0 

68° 

68° 

67° 

60° 

65° 

04° 

63° 

C2° 

61° 

60° 

H 
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H 

30" 

31° 

32-^ 

33» 

34° 

36° 

36^ 

87° 

38° 

30° 

M 

616018 

639919 

S446S9 

SSOIBI 

371576 

6877S6 

601816 

613601 

690130 

60 

500131 

8I428T 

610166 

644881 

539414 

S71815 

688091 

603047 

616891 

699646 

69 

S00S04 

SIG517 

510413 

64Sm 

SS0675 

S740S1 

S889S6 

609980 

610130 

639773 

38 

S007Be 

SIST80 

S106S9 

64H71 

ssooie 

674901 

588491 

609319 

610949 

67 

S0t007 

S1601S 

610901 

S4S6I6 

660167 

674590 

588790 

009744 

610678 

610334 

■0 

M1SS9 

S10S84 

siiin 

S4S8IB 

660IOB 

674767 

888001 

009076 

616807 

630460 

66 

tftlSII 

fil6S» 

61IS0O 

646109 

360610 

676003 

560106 

601308 

017090 

690070 

14 

5ftI7«3 

S10783 

69 1646 

S46S40 

S60SS0 

S7S3a 

309411 

017965 

010009 

61 

S030I4 

617011 

611801 

S46SB0 

561 111 

376481 

689666 

617404 

611197 

61 

S0»0« 

6I71M 

613IU 

S468U 

S6itei 

675719 

689901 

001004 

617791 

611151 

61 

19 

M1S17 

617699 

SS3S84 

S4707e 

S6I00S 

676967 

890116 

604116 

617951 

6)1678 

60 

IT 

snrra 

sirfie 

6136*0 

S471M 

361841 

670193 

590)71 

604107 

618180 

611804 

W 

IS 

sotoso 

518017 

613876 

647361 

301081 

676498 

690606 

604690 

018408 

6)9099 

46 

IS 

601271 

S18nA 

611191 

647807 

319134 

676070 

500840 

604811 

018697 

6)3365 

47 

14 

sown 

S185SS 

611168 

363364 

370008 

501073 

006003 

018866 

6)3480 

46 

IS 

S01774 

618771 

siieis 

S48901 

S6380S 

8771*6 

601)10 

603»04 

610094 

69970S 

46 

10 

B040SS 

610091 

61)861 

54BS16 

60)043 

87718) 

601644 

603396 

019933 

6)9911 

44 

17 

B04976 

619971 

614100 

648780 

60)386 

877090 

3*in9 

603767 

619581 

euise 

U 

IB 

S04S1B 

619619 

6I41SS 

640031 

361390 

877868 

309013 

603088 

610770 

611*81 

49 

19 

S04770 

619708 

614596 

549360 

669760 

578093 

693348 

606310 

690007 

611606 

41 

W 

SOSOM 

S900IB 

614844 

640SOO 

664007 

678113 

693483 

606431 

690316 

6118)1 

«• 

« 

MS18I 

6sa«os 

515090 

649759 

S04U7 

678570 

603716 

006683 

690464 

M40M 

n 

» 

MUSIS 

SSOSlt 

61S31S 

S4900S 

364487 

678807 

0930SI 

600914 

6)0093 

6S4S81 

IS 

SI 

106761 

S9070I 

SUS81 

660998 

564797 

679044 

599186 

007143 

S90930 

6)1006 

97 

M 

600014 

S310ID 

SSSS37 

660481 

504067 

670S81 

699419 

607)76 

691148 

614711 

96 

S6 

soesss 

S31SS8 

sieora 

660734 

S6S907 

870618 

69)631 

607607 

091176 

S$ 

96 

SOftSlS 

SSIS06 

SMSIB 

660060 

S6S447 

679766 

69)887 

007898 

031601 

615180 

94 

r 

soerae 

SSI7S4 

U6S«1 

66I3D0 

366087 

6T0093 

694131 

608060 

691 811 

U 

S8 

60701T 

SSS009 

116800 

SSIWS 

H6937 

080339 

694936 

608900 

691050 

615630 

13 

» 

sonss 

SttSSl 

SS7004 

BS1604 

666100 

680466 

694680 

608891 

699387 

11 

10 

SOTS38 

S1S490 

617100 

S61997 

366400 

680709 

69483) 

608761 

633516 

61A078 

10 

It 

S(n7B9 

SS9T4T 

617646 

S6S1B0 

8B0040 

506037 

60899S 

6S274S 

» 

» 

S06040 

S9S0U 

61TT00 

SSS499 

300680 

581170 

695900 

60D3SS 

619070 

«»a»7 

18 

» 

S0BS90 

SUS41 

618016 

853604 

307136 

58141) 

595534 

600464 

01S197 

696761 

27 

u 

S08t41 

631490 

SISSBI 

SS9907 

607106 

681650 

69575B 

600084 

611433 

69G976 

96 

u 

SOBTBl 

SU7I8 

61863S 

SSI140 

6O7O04 

681880 

505091 

600918 

621053 

697300 

» 

H 

609041 

631066 

6IB77I 

S6S993 

607844 

58313) 

590936 

610145 

611B80 

697421 

91 

87 

iOOSOS 

634314 

619016 

608089 

688139 

500468  610176 

624107 

017648 

99 

S00S48 

6S4481 

SSOMl 

66)876 

668939 

583690 

600093 

610606 

634114 

617B78 

9) 

S9 

S09T09 

534730 

SS4I1B 

568369 

0898)9 

696936 

610896 

eilSfll 

91 

40 

S10041 

SS4077 

610TS1 

634160 

368801 

38)069 

697169 

011007 

684780 

618*30 

90 

41 

610101 

sisiu 

»S090 

594609 

560040 

68)UM 

697in 

6US07 

ttsoie 

6)8344 

1* 

43 

510S41 

SI6479 

M0B40 

SS4844 

609380 

S8S541 

607033 

611697 

618768 

18 

4S 

SlOTOt 

6SG719 

640486 

S66086 

609619 

68)777 

607S3B 

611767 

633470 

6)8903 

17 

44 

61 1041 

636967 

640710 

666138 

669768 

684014 

508003 

611087 

695097 

639X15 

16 

4a 

611»1 

636314 

640974 

6SSS70 

669997 

684960 

508136 

612317 

S15991 

69M*» 

13 

46 

SllS4t 

636461 

S4I319 

SSS813 

S70336 

384486 

308658 

613447 

CMISO 

61966* 

14 

47 

31  ITS! 

636700 

S41464 

Gseo$4 

ST0475 

3S473S 

308791 

619677 

e06177 

619686 

11 

4fl 

S1S041 

6969S6 

641T0B 

6S0300 

670714 

684068 

699034 

619907 

696804 

640110 

19 

49 

Giiaot 

S3TS01 

941061 

670063 

686194 

699336 

613117 

6968)0 

640133 

11 

SO 

sm4t 

637460 

S41197 

66«n0 

371 191 

685499 

699180 

611167 

697057 

640567 

10 

sT 

6I1T9S 

597697 

649443 

667091 

671490 

383066 

699733 

611606 

in^4 

640T80 

ss 

611043 

637944 

643686 

567369 

671660 

385901 

300966 

611836 

637610 

641001 

8 

SI 

611301 

S38191 

643930 

SS7S04 

671007 

380117 

600188 

614086 

641306 

7 

S4 

511641 

S3S4S8 

6«174 

SS7746 

373146 

6B6173 

614986 

691969 

641450 

• 

as 

SISTOl 

838686 

641419 

357987 

579184 

680608 

000661 

614616 

688189 

64167* 

S6 

sno40 

6189» 

141601 

S3B398 

67969) 

686844 

000886 

614744 

628410 

•41896 

4 

ST 

si4aoo 

S10179 

541007 

668469 

679861 

687070 

601118 

614974 

038043 

643110 

1 

SB 

I14SS9 

519496 

S441S1 

668710 

67)100 

887114 

001)50 

01630) 

698668 

649*43 

9 

SO 

514789 

510671 

638969 

67)118 

687550 

00I5SS 

615419 

690094 

642565 

1 

eo 

S15018 

630010 

S440aO 

369101 

671676 

687785 

601813 

613661 

699990 

649788 

0 

M 

60° 

58° 

67° 

Stf* 

55° 

54° 

63? 

64° 

61° 

60° 

r^ 
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H 

40° 

41'> 

42° 

430  L«° 

46° 

40° 

47° 

48° 

48« 

U 

1 

•4»7Be 

056050 

000111 

681908 

004068 

707107 

7I0S40 

731II94 

741145 

75*710 

60 

1 

«4U10 

SS6370 

000347 

683311 

094668 

707319 

719S4B 

7)1663 

741110 

794900 

50 

a 

US3U 

056498 

060501 

695077 

707518 

719744 

711760 

741614 

799091 

58 

1 

6S6TI7 

069T79 

005380 

707733 

719040 

7)1040 

741788 

755989 

ST 

4 

S4S«7g 

656917 

66099S 

089840 

695405 

707939 

790148 

7)9147 

743031 

755479 

56 

s 

sami 

6S7IS6 

670311 

089001 

005704 

706114 

790340 

719)45 

744117 

76566) 

55 

6 

644194 

6S7S7S 

070497 

081974 

60591) 

706140 

730661 

7)9641 

744)13 

766863 

54 

7 

644a4ft 

6S7S94 

070649 

081480 

690193 

708646 

730768 

719741 

744606 

750044 

6) 

B 

644569 

657814 

070858 

606110 

708750 

790064 

7990)9 

744700 

760314 

69 

9 

644791 

6580U 

0710T4 

683911 

708956 

791166 

IM1)7 

744604 

760416 

61 

10 

64S0IS 

«98U3 

071380 

064133 

606748 

709161 

791397 

7)8134 

746068 

756616 

60 

11 

WSU 

0S84T1 

071506 

mmS 

606097 

70MW 

731550 

71)539 

749388 

T96806 

49 

13 

64M&B 

668680 

071731 

084947 

607166 

709671 

731760 

711730 

746476 

750990 

48 

13 

64SfiB0 

668008 

071010 

084790 

607ST4 

709776 

731963 

711937 

746670 

T571BS 

47 

14 

04S9aa 

osoiai 

073161 

084971 

607683 

709961 

733163 

714135 

746864 

767376 

46 

U 

uoiat 

69B846 

073167 

686183 

oonoo 

710186 

733304 

714133 

746057 

757969 

45 

«4«S4e 

690565 

073683 

607990 

710190 

733665 

714630 

746991 

7S7755 

44 

17 

669781 

673797 

086607 

698907 

710695 

733766 

734717 

746449 

767945 

49 

IB 

046790 

660003 

071018 

686818 

698419 

710799 

793067 

7)4915 

7466)8 

768134 

43 

1» 

647011 

000330 

071398 

6860)0 

608031 

711004 

T33168 

716113 

746833 

768334 

41 

90 

6472U 

6604S0 

07144) 

686343 

608813 

711300 

T93360 

716109 

747095 

768514 

40 

e4T4tS 

660657 

071668 

68649) 

699040 

711411 

793670 

7)9606 

747318 

75870) 

)» 

13 

647677 

660875 

071871 

686669 

699946 

711617 

731771 

7)9703 

747418 

758803 

t» 

n 

647808 

601004 

074088 

686876 

699465 

711883 

731971 

739900 

T47606 

759068 

)7 

S4 

64BIS0 

601113 

674103 

687088 

609661 

713030 

794173 

730007 

747798 

759971 

30 

SS 

64SS41 

oeisso 

674617 

087309 

699871 

713310 

794173 

736394 

747091 

759401 

39 

M 

«48aes 

601748 

674733 

087610 

700079 

7134)4 

73467) 

71040I 

748184 

709060 

14 

17 

048784 

661966 

074047 

087731 

700387 

713010 

734773 

710687 

748177 

7698)9 

IS 

S8 

603184 

076101 

6B7913 

700494 

713641 

734974 

710884 

748570 

700098 

S3 

n 

0«9aS7 

603403 

676170 

066144 

700703 

711M7 

736174 

7)7081 

748763 

760917 

81 

so 

640448 

669630 

675990 

066166 

700909 

71)360 

736)74 

737377 

748956 

700100 

SO 

11 

649660 

66»5>a 

679806 

088600 

701117 

711494 

7366T6 

787474 

749148 

TOOOM 

w 

■a 

649890 

661050 

070019 

osena 

701)34 

71S69S 

736ns 

737670 

740)41 

700784 

98 

>i 

6S011t 

661371 

076211 

688967 

701611 

718863 

796975 

737607 

740634 

780979 

97 

M 

6B0US 

661491 

076448 

689198 

701780 

714060 

730175 

736001 

740796 

761161 

90 

tfi 

6S0S6S 

661709 

070663 

701046 

714360 

730ST6 

718359 

740010 

701)60 

86 

u 

660774 

661936 

076876 

689690 

70916) 

714471 

736676 

716455 

760111 

701638 

84 

n 

6S099S 

664144 

677090 

680810 

709)60 

714670 

T90TTS 

716651 

750)03 

781787 

3ft 

18 

6Siai6 

664161 

077304 

090041 

703667 

714860 

736974 

T18848 

760406 

761916 

38 

so 

6S14S7 

664570 

077518 

690361 

703774 

716061 

73T174 

T10048 

760688 

768104 

81 

40 

691667 

661706 

677733 

000463 

703961 

719366 

797174 

719919 

750860 

709909 

80 

«■ 

6S1878 

665011 

677946 

600073 

703188 

m490 

737673 

7>94U 

751073 

703480 

M 

49 

063098 

069310 

678160 

703306 

71969) 

737773 

7396)1 

761384 

763668 

IB 

4S 

esaste 

665448 

678371 

691003 

703001 

719806 

737979 

789837 

761450 

763860 

IT 

44 

6SU39 

065001 

678587 

601301 

703808 

716000 

738173 

740091 

761048 

761044 

16 

4S 

053760 

069883 

678801 

091519 

70401S 

710109 

738371 

740318 

761840 

T63S39 

16 

4S 

66X080 

006099 

679014 

00173) 

704331 

716506 

738570 

740414 

T58013 

763430 

47 

6ssaoo 

066)10 

079398 

09103) 

704438 

71S708 

798760 

740600 

758381 

76)608 

48 

6S34ai 

0669)3 

079441 

603143 

704634 

716911 

738969 

740806 

763415 

763790 

49 

6SS641 

666T4D 

079055 

09335) 

704841 

717111 

730166 

741000 

753600 

76)064 

SO 

6SIB6I 

666960 

079808 

00356) 

706047 

717116 

730367 

741106 

763798 

764171 

OM081 

66T181 

680081 

009773 

70535) 

717510 

720660 

741)91 

763080 

764150 

SI 

oa4SOi 

6G7199 

080395 

609083 

706459 

717731 

720709 

741986 

75)181 

764547 

ss 

6S4S31 

667610 

080608 

003103 

705669 

717934 

73006) 

741781 

761179 

764714 

S4 

054741 

667811 

680731 

60)403 

709879 

718130 

710109 

741076 

763563 

764031 

SS 

054961 

668049 

680034 

00)611 

T0607B 

T18139 

710361 

748171 

76BTS5 

766109 

M 

6S5180 

608305 

681147 

60)891 

706384 

7186)1 

7)0560 

742SO0 

763946 

766896 

S7 

651400 

060483 

681100 

7064B9 

7187)8 

730758 

743901 

794137 

76648) 

S8 

059630 

066698 

68157) 

604340 

700605 

718936 

730097 

743799 

794338 

766670 

ES 

665839 

068914 

681786 

004440 

706901 

7101)8 

731155 

74Z950 

794619 

765857 

00 

096059 

669111 

081996 

604098 

707107 

T10)40 

731164 

74)149 

794710 

766044 

M 

48° 

480 

47° 

46° 

45° 

44° 

43° 

42° 

41° 

40* 

M 
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M 

600 

51= 

U° 

53°   1  44° 

65° 

66° 

ST 

68° 

69* 

H 

• 

iMM4 

777148 

788811 

7^8636 

80901T 

819133 

830018 

ouen 

848046 

SS7IS7 

« 

1 

H6U1 

mt» 

788190 

798811 

800188 

810319 

830200 

836839 

848309 

SST317 

69 

1 

76M18 

777819 

rsatat 

796965 

809130 

810486 

89036) 

8)0087 

846156 

S37467 

SB 

t«wa 

T7780S 

788548 

700160 

009310 

810633 

899333 

839146 

846510 

897610 

57 

4 

rfl«T9a 

rrT878 

788717 

199333 

809700 

810819 

830668 

839)04 

646664 

897766 

56 

S 

nen» 

77B888 

788009 

709S10 

B09871 

890830 

8)0483 

846818 

697W9 

55 

e 

rcTiw 

rT814» 

780(»4 

799688 

810049 

890131 

8)0013 

848972 

898065 

34 

T 

fmsa 

T7B4M 

7S0S0I 

790859 

810313 

830318 

8)0174 

849IS3 

858314 

53 

8 

tmw 

7T8888 

7BM41 

800034 

810383 

830483 

8)0937 

8)00)6 

849279 

63 

9 

fnTK 

778791 

7890M 

800308 

810551 

830631 

8)0100 

840004 

84943) 

858311 

31 

10 

767911 

7799T9 

789T98 

800383 

810733 

830817 

8)0681 

840331 

849686 

858663 

30 

11 

mmSt 

779150 

fioorf 

8O0U7 

810004 

mm 

8^M 

858811 

49 

It 

I«8984 

779818 

7901S5 

000731 

811004 

891140 

8)0004 

840607 

S40B93 

48 
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48 

34U 

3301 

SMO 

SM8 

9987 

3937 

3186 

3147 

2107 

9068 

3010 

1991 

49 

24S3 

3300 

3348 

a»OT 

3366 

asao 

3186 
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1039 

)90l 

59 

84» 

3348 
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1067 

3028 
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S93S 

9183 

8143 

3101 

2064 

3036 

19OT 

05 

IS 

B43T 

3980 

9844 

3809 

9369 

3331 

3161 

3)41 

3169 

90M 

2093 

)986 

SO 

BT 

sue 

3884 

314* 

3309 

3361 
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91*9 

3100 

1061 

9091 

19M 

39 

■w 

-JMST 

3*»8 

3*41 

9800 

"SMO 

^918 

^ffa 

91*9 

3090 

-2W 

8D33 

1964 

^ II 

TABLE  XXXIV. 

233 

PaOPOKTIONAL  LOGABITRMS. 

^ 

h.  D 

h.  m 

K.  m 

h.  m 

b.  m 

h.  m 

h.  m 

b.   ■ 

b.  >i 

k  m 

k  M. 

1°S« 

l^SS 

1°S6 

l°it1 

\°iV 

2°  0- 

2°  1 

t°  r 

1°  1 

2°  4 

1984 

"1046 

TSw 

IotT 

TbC" 

1707 

1761 

1785 

168U 

1654 

1619 

1 

1983 

1941 

1908 

1670 

1833 

1797 

1700 

1724 

IGH'J 

1651 

1618 

s 

1981 

1944 

1907 

1870 

1831 

1796 

1760 

1714 

1«8B 

1052 

1617 

1 

1989 

1944 

1006 

1809 

1812 

1795 

1769 

I7» 

1687 

1052 

1617 

isei 

194S 

1906 

1868 

1611 

1795 

1750 

17»e 

168T 

lUl 

1616 

iwt 

1941 

igot 

1611 

1794 

1756 

1733 

1686 

1651 

1616 

e 

IBW 

1943 

1904 

1807 

1794 

1747 

1731 

1686 

1650 

1019 

T 

IMD 

tMl 

1904 

1867 

18M 

1791 

17S7 

1731 

1685 

1660 

1614 

e 

m& 

1941 

IBM 

18M 

1889 

1792 

17S6 

ITSO 

lOBI 

1649 

1614 

B 

ivre 

IMO 

1901 

I86S 

IB9» 

1792 

176S 

1719 

1084 

1046 

1613 

10 

IWT 

Iw 

Im 

I86S 

im 

IT91 

1755 

1719 

lOBl 

1048 

1019 

10 

II 

1W7 

19*9 

1901 

I8G1 

1837 

1791 

1754 

1718 

1681 

1047 

1013 

It 

18 

taj6 

1918 

leei 

1861 

1817 

1790 

1754 

1T18 

1683 

1647 

1613 

11 

11 

W5 

1918 

1900 

IS6B 

1816 

1789 

1753 

1717 

1081 

1640 

1611 

IS 

14 

tm 

19(7 

leoe 

I86S 

IB» 

1799 

1752 

1TI7 

1661 

1645 

1616 

14 

IS 

1974 

1916 

1890 

1862 

1886 

1788 

1752 

1716 

1680 

1G46 

1010 

U 

1974 

1916 

1808 

1861 

1824 

1788 

1751 

1715 

1080 

1644 

1600 

17 

I9Tt 

I9le 

1898 

1860 

isa 

1787 

1T5I 

1079 

1644 

1600 

18 

1972 

1914 

isa 

1786 

1T50 

1078 

1049 

1606 

IB 

19 

1972 

1914 

1896 

18S9 

1828 

1786 

1749 

1714 

1078 

1041 

160T 

19 

M 

1971 

"IMI 

Tbw 

1859 

"i^ 

1785 

1749 

1077 

1642 

1607 

11 

1979 

I9S9 

i8at 

1858 

1811 

1785 

1748 

1677 

1641 

1606 

n 

» 

l»TO 

1913 

I8M 

1857 

ISIO 

1784 

1746 

1712 

1676 

1641 

1606 

n 

tt 

1969 

IBil 

ISM 

1857 

1630 

1783 

1747 

1711 

1676 

1640 

1606 

91 

M 

1968 

t91t 

1801 

1856 

1610 

1783 

1746 

171! 

1640 

1606 

94 

U 

1968 

1010 

leos 

18S5 

1819 

1762 

1740 

1710 

1674 

1004 

96 

w 

I96T 

1039 

IB93 

1618 

1761 

1745 

1709 

1674 

iste 

1601 

96 

ft 

1067 

1039 

1691 

1817 

1761 

1745 

1709 

1671 

iste 

1601 

n 

98 

1966 

1891 

1854 

1817 

1780 

1744 

1708 

1671 

1817 

160] 

98 

tQ 

1901 

1938 

1861 

1816 

1780 

1741 

1108 

1672 

1617 

1601 

IB 

190S 

l9« 

I'BOT 

1852 

1779 

IT49 

1m 

1671 

-iM6 

1601 

ID 

11 

1964 

1936 

1889 

1653 

181S 

1776 

1742 

1700 

1071 

ISI5 

1600 

91 

19 

1963 

1936 

1688 

1851 

1814 

1776 

1742 

1706 

1070 

1615 

1600 

19 

■1 

1961 

192S 

1888 

1860 

1814 

1777 

1741 

1705 

1070 

M14 

1599 

11 

U 

IMS 

1984 

1687 

1850 

1611 

1777 

1740 

1705 

1600 

1014 

1509 

■4 

95 

1962 

1934 

1886 

1849 

1612 

1776 

1740 

1704 

1666 

1011 

1596 

IS 

S« 

1961 

1931 

1686 

1849 

1612 

1775 

1719 

1701 

1088 

1611 

1596 

■6 

«T 

1980 

1921 
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1881 
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1771 
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t9JS 
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1T61 
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1815 

1798 

1702 

1736 

1090 
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RamuiT  lale     ■    .    . 

St.  DiTld'a  Cathednl 


Lat.N.    Lon.  W. 


SO  8 
Sa  II 
SO  18 
SO  SI 
so  IB 

50  40 

51  1 
SI  11 
SI  10 
SI  91 
11  T 
SI  97 

.SI  94 
SI  14 

.SI  11 
SI  41 
SI  IT 

.SI  IS 
SI  4D 
SI  49 
SI  49 
1  41 
I   41 


4  IS  1 
4  S  IS 

4  T  10 
4  ?  12 
4  B  18 
4  10  40 
4  19  9» 
4  9r  II 
4  47  4 


8  6  9T  II 
96  S  II  ST 
S4  B  41  4 
H  S  10  0 
4S  B  48  0 

9  B  43  » 
8  S  41  II 


r  0  IS  91 

0  e  IT  ST 
I  B  14  IQ 

0  A  0 
-  B  41  0 
•  t  98  0 

1  11  SO 
S  0  B4 

.  4  SS  0 

0|  4  4S  0 

_  .  to  90 

0  4  )l  0 

S  4  19  90 

U  >  ACS 

II  9  BS  19 

e  9  IS  9« 

•a  1  M  a 

0  1  sr  90 

Bfl  4  IB  SS 
18  4  IS  98 


0  4  4-  . 

0  4  SB  0 

BO  I  9  19 

41  S  0  M 

SO  S  9  7 

18  S  IS  S4 

SS  S  97  SI 

4S  S  ID  16 

sol  S  14  61 


290 

TABLE  LVI. 

LATITUDES  and  LONGITUDES.                              i 

(1)          PUOM. 

Ut.  N. 

Loa-W.      (4>        PUoM. 

L^N. 

— 

BUhop  and  Clnks     . 
StmmWUMd      .    . 

11  M  10 

SAO        Far.  10°  W. 

>8  19  461  ■    6  30  1 

»    1  10 

DiBuPoiDt     .    .     . 

la   9   0 

4  SI     0                        

CiTdina  Hutwoi      . 

ta   T   oi 

4  4t    0     .  Buia  HMd .    .    . 
4    8    0  JiSoDthinit,  S.  end 

S6  4T     0 

7  SB     0 

Abarutwith      .    .    . 

iiiS     0 

ST     4     0 

7  14     0 

BtmoMh.  oDbr.    .    . 

II  44     ff 

4     S     0    .gRuiiahHaul     .     . 

ST  41     0 

6  ST     0 

j  Bneh  J  FmI  HMd     . 

il  4S     0 

4  48    0    BGI«hI.Light      . 
4  4S     0   jAird,N.  Point       . 

ST  SO     0 

6  ST     0 

IS  48    0 

Sa  IS     0 

6     5     0 

\  Batt  of  Lawia  .     . 

18  SI     0 

8  13  SO 

tl  19    e 

4  seso 

sGallanMead     .    . 

SB  11     D 

T     4     0 

it  as   0 

4  ST     0 

r-FlannanlilM    .     .     . 
1 3t.  Kilda     .    .    .    . 
£H;>kirbUDd.    .    . 

SB  IB     0 

T  31     0 

-.FoiDtLinM.  UKbt    . 
|GTMtOraiMH«>d    . 

M  »     0 

4  IT     0 

ST  49  SO 

8  S3  M 

SI  ao   2 

s  SO  ai 

57  18     0 

7  41     0 

Upnnt  of  Air  light      . 

M  31  38 

S  18  IS 

^RockaJl  .    .    .    .    , 

ST  19  si^IS  11   16  II 

lUdbra  Light    .    .    . 

S3  IS  11 

1  10  11 

I 

ss  u  so 

1     0  40 

FantlandSkemM.Lu 

SB  43     0 

1     9     •    1 

SS  14  40 

3  68  SB        Stroma  lale.  B.  and    J 

SB  41     0 

S  14     0    1 

Fwrnby  Point  .     .     . 

it  H  M 

S8  44  to 

>     130 

Si     t     B 

a  4T  41        Copinaha      .     .     .     . 

68  SS  SO    a  46    •  11 

St  Bmi  Umd  Light 

H  ID  SS 

>  IT  <4 

Kirkwall  Road       .     . 

68  SB     0 

3     4     0 

Whilabino     .    .    . 

>4  sa  sii 

■  14  S6 

StnwaaL.LaiDbHaad 

S9     4     0 

S  19     0 

COLUU       .... 

H  BS     D 

S  S4     0 

.  Start  Point  light .     . 

50  16  10 

aas  ft 

Addu  Clmnh  .    .    . 

Si  SDIS 

S  14  4S 

-3  North  Bonaldaha, 
3F.paW,.tr.l.le, 

59  12  10 

3S3    0 

rfAirPoiDtuihi    .    . 

d4  S0    D 

4  IS     0 

las™:  :  : 

S4    9  SO 

4  39     0 

|Wo«r,I„NonpHflad 
1  Pomona  laland. 
*-MarwiokHaad       . 

£9  81     0 

3   s   e 

S4    a    0 

4  30     0 

SO  18  10 

3  la   « 

14    1  SO 

4  48     0 

S4  IS  10 

4  41      0 

SO     6     0 

3  35     0 

58  66  66 

S  34     0 

Rou  Hnd  .... 

i4  47     0 

4     8     0 

K»-.8T»60'(r.lBal. 

BomwHsad   .    .    . 

a  41   0 

4  34     0 

Hot  Head    ..   ,    .    . 

S8BS     0 

3  88  SO 

HoUofGiUinrtr      • 

14  »8  M 

4  SS    0       Sula  SkoTTj      .    .     . 

69     1     0 

4  15     0 

Port  Patnck  Light    . 

'    »    »       1^.-.    ■    ■    •    •    ■ 

SO     I  10 

4  IB     0 

M.Sr:"":  : 

SS     1     0 
SS  18  to 

t     6     0        Fair  Ulutd  ... 
4  ST     0                       

59  SO     0 

1  4T     0 

Irrin." 

SS  18     0 

S9  61  40 

1  »  SO 

^AilMlritod      .    .    . 

»  17     0 

0     8     0 

Hangdiff     .    .    .    . 

60     9     0 

1     T  10 

tCammjL  Light   .     . 

ISS  AS     0 

4  B4     0 

.  LEBwm,  Fort  .    .    . 

SO  10  SO 

1  18     0 

|c™.nik    .'.   .    . 

SI  ST     0 

4  44  10 

1  Braaa.  L,  S,  Point     . 

60     7     0 

1   tS  SO 

SS  SI  sa 

4  16     0 

J  Rumble  laland       .     , 

BO  ai    0 

14     0 

^PliwJ™Lighi    !     '     '. 

IS  sa    0 

S     4     0 

i  Out  Skemei     .    . 

BO  a»  SO 

0  66     0 

■SMuU  of  C-ntire  Liglil 

iS  19  so 

S  4S     0 

^Balt. 

S  Lambineaa  .     .     . 

60  46     0 

1     9  10 

5  TosToie  Head  .     .     . 

JS  54     0 

8  38     0 

60  48     0 

1     9  SO 

;  Bbm  Point  Ughl 

e  as    0 

5  For.  37"  40'  W. 

M  IT     ( 

T     1     0 

BO  31     0 

I  45     0 

.«DukerRock     ■     .     . 

16  14     0 

6  «S    0       OiM  Skenj      .    . 

SOSB     0 

1  5S     0 

tCoUIiland.  14,  end    . 

H  4a     0 

8  34    0       VoeSkeiTiM    .    . 

60  81     0 

3     3     0 

K  Rom  IiUnd.  S.  end    . 

SGSS     0 

«  If    0       Foul  Ulud  .... 

BO     G     0 

8  IS     0 

^UaUkarlilud      .    . 
SDoPTeguiHead    .    . 

16  S6     0 

S  IB    0 

17  SO     0 

0  41     D 

Monk  Rock      .    .    , 

SI  ai    0 

0  63  IS 

fMoreHMd.    .    . 

ST  SO     0 

S  43     0 

j  Suderoa,  8.  end     . 

SI  36  10 

0  BS     0 

18    6    a 

S  10     0 

1  Great  Diamond      .     . 

SI  44     0 

6  61  30 

*StowerHMd    .    .    . 

S8  14     0 

S  18     0 

JSandoe.  S.end       .     . 

81  47  IS 

«  48     0 

Cape  Wrath  Light     . 

la  is  10 

4  ST     0 

gPugloe     .... 
[ZMTgenaiLW.  end  , 

sa   a  10 

6  SO  ID 

v£°t(t'W. 

sa  ao  40 

6  18     0 

Nod  Rock   ..    . 

SB  sa  10 

4  SO     0 

sa   8   0 

T  48  SO 

RooalaUKd     .    .    . 

SB  so  la 

B  BS  SO        Var-Uf  If.  1  BIB. 

Bamlaland     .     .     ■ 

>B  S8     0 

0     10                       

1 

FftmitHMd     .    . 
nuMtHnd   .    .    . 

se  IT  so 

4  4T     0       Noaa  Head  .     .     .     . 

>8  so    0 

S     0     0 

IS  43    0 

1  30     0       Clyth  Ne«i .     .     .     . 

IS  so    0 

•"'1 

TABLE  LVI. 
LATITUDES  and  LONGITUDES. 

Ut.N.   Lon.  W.  I   (6)        PUom.  Ut.  N.     Lod.E. 


Fort  3t.  GeoTga    ,    . 

Borgh  Head     .    .    . 

CooBj  PoiDt      .     .     . 

CnUeD     

Bimff 

Kimuird'a  Btad   ,     . 

RatiieKeui      ,     .     . 

Peter  Held .     .     .     . 

Bochui  New  Light    . 

Far.  280  W. 

Newborgh    ,     .     .     . 

Nn  AstRDUN,  obi. 
.Giidlaneu  .  .  .  . 
S  SUmehiTen .  .  .  . 
^  Tod  Heid  .  .  ,  . 
■SManlroM  Neii  .  . 
^RedHe^  .  .  .  . 
^ArbroBtb  ,  ,  .  . 
a  Button  Neil  md  Lti 

5  UUHDIE 

—  Inch  Cape  Light,  ot 
J  BeU  Rock  .  .  . 
'"St.  Andrew'!  Church 

TihNtit    .    .    .    , 

EliflNeii    .    .    .    . 

Kiogbora  Neia     ,    , 

Incbcolm      .     .     .     . 

EDINBURGH,  CoU. 

Leith  Pier   .    .    .    . 

Fir.  2T  if  W. 

Inch  Keith  Light .    . 


ST  SO    0   3    S    0 


IT     B     0    1 


Fidn 


far,  48»  is'  W. 

TheBMiIUek  . 

St.  Abb'i  Hsid  '. 

Ejemouth    ,     .  , 


JSnoderluid  Pain 

^Coquet  Iilaod, 
tfl  — Tower     .    .    .    , 
"^TTiietiioath  Light 
••  Sasderluid  Light .     . 

g  HuUepool  Church  . 
W  Rirer  T««i,  antnoee 
VStocktoD      .     .    .    . 

JWh,™, 

Soibonnqh      ,     .     , 


IS  51  4 

IS  46  i 

SS  40  i 

iS  10  .j 
15  SB 

53  ST  I 
IS   U  4 

If  20  1 
K     I  i 

54  Gfi  1 
S4  41  4 
14  S8 


S  47 
9  14  tU 
1  4S 
S  10 


Hoiutuiloa  Ugbt . 

Onlsr  Dowiiug,  mid .  _ 

Hiddocki  Bulk,  mid.  [il 

Dadgeon  Light 

Inner  Dowiing,  N 
.  Cmmer  lunar  Bk.  i 
"S  UDTon,  North  Elbow  Is. 
■3Sherriiigh[imShi£,end  il 
S  Smith's  Kuowl,  mid.    sat 
^Cromer  Lijht  ...  SI 
o'Hisborongh  Light*    .  ii 

|Winterton     .     .     -     .  ja  4 

t«  YiBKOOTii  Church     .  ii  to  40    1 
.LeostofflliKh  Lijiht    sa  2 
SSoutliwold  Church        ''  " 
•^Aldhro'Kiuii..     . 

Oifordneu  Light  . 

Lmdgujfd  Fori      . 

Hir»ich  Church   . 

WnltonToonthBNBi^_, 

GmUoper  Light  VoBBe!  SI 

Inner  ijarbuxi  Buoy  .  51 

Outer  Girbard  Buoy  .[si 


II.  COAST  OF  IRELAND. 


Cue  Clur  Ligbi 
FiMiMt  Bock  .  . 
CtookhaTsn  entr. 
Miien  Head  ,  . 
Bantrj  Bay 

—  Shoep'i  Head  , 
Crow  Point  .  . 
DuTMj  I.  W.  end 
Kemnue  Hirbonr 

—  Cod'i  Head       . 

—  Lamb's  Head   . 
*§  For.  S)  Pc 


SI  II 
SI  M 
SI  H 


WaM 

S   0  S9  0 

>   0  IT  0 

1   9  41  0 

I   9  «1  0 

0  SI  0 

010  la  0 

0  16  0 


W. 


£  Bolus  Head       .     .     , 
■^Skellig  Hki.  ud  Lti. 
_  Dingle  Bay 
I  -  Bray  Held  .     .     . 
U—  Vilontii  Harb.  enL 
"S  —  Unnmora  Head 
it™  Rock    ,     .     , 
Ferriter'a  Iilind    , 
Tingbt  Rocka  .    , 
Gt  Blukett,  W.  mu 
Ennii  Tukti   .    . 
I>anorliiu{  Head   i 
Brandon  HMd  .    , 
ShuuKiu  Mooth. 
~  Katry  Hewl      . 
—  Loop  Head  .    , 

Clare.     .'.'.'. 
Hapa  ireail  ■    .    ■ 


SI  44 
Si  46 
SI  46 


10  1J 
10  S4 
10  14 


)10  16 

>I0  10 
)10  M 
110  10 


I  «  S9  as 

I  8  11 

I  8H 

>  0  IS 


LATITUDEa 

uiD  LONOmTDEa. 

<T)       Pl^.. 

L.t.N. 

LolW. 

(8)       PUoM. 

LM.N. 

I^W. 

°'te.'&,      .    . 

' 

'    ' 

' 

Wdkhi.  Uirb.  ut.  ril  IS    o|  6  ta    0  | 

IS  10 

0     6 

0 

i— Galw^t       .    .    . 

IS  17 

8  SI 

0 

CuannPoiBt     .    . 

1111  SO 

0  IB     0 

•i  N.  AiTw  I.  Ufbt 

IS     8 

0  SS 

0 

Toskar  Rock  tc  Lubl  11  11    a 

0     7     0 

•QSkinJRockl      .    .    . 

H  IS 

9sa 

0 

8>ltMl  Rock!  .    .    . 

n   0   « 

0  S4     0 

>SUDa  HMd  .... 

91  ar 

18     I 

0 

Hook  Light      ...  13    B     0 

«  &4     0 

J  Eluui  Tark  I.  .    .    . 
"^CUral.  lirill.    . 
^AcUllUwa     .    .    . 

>S  18 

10  10 

0 

^Watutoid      .    .    . 

W  IS    0 

7     6     0 

U  49 

10     0 

0 

JTnmon 

SI     I     0 

7     T     0 

>1  Bl 

ou 

« 

tDaiiguTon.    .    .    .  IS    I    0 

7  14     0 

M     • 

10     B 

jHriwickHW.    .      11  SO  to 
^YooghJi     ....  II  SS    0 

T  n    0 

BUekRock      .    .    . 

M     T 

10  IS 

a 

7  SI     0 

^  Rooha'i  Pt.  &  Li^t 
.'Comi 

Gl  40     0 

BiWH^. 

SI  SI  64 

B  tS     0 

-  Urrii  HMd  .    .    . 

>4  2> 

OSS 

:;  Vb-.  18>  W. 

Three  Tun.  B<«k.     . 

u  is 

0  44 

0 

jKii>ttl*Lirit  .    . 
jSarraHMdi    .    .    . 

SI  17     0 

8  1>     0 

Down  PMrick  Und  . 

»t  n 

0  to 

SI  SS     0 

S  S»     0 

KilUU 

ii  18 

0  10 

0 

G.U7U«d      .    .    . 

SI  tl     0 

8  M     0 

Suoo 

S4  10 

8  18 

0 

Rom 

SI  14     0 

Bsa    0 

EnmiMiurr          .     . 

:i4  11 

8  40 

0 
0 

St>gioffTo«HMd    . 

SI  SO     0 

9  10     0 

SulSi-tC^pi    '. 

Si  4( 
S4  18 

8     S 

BALTiaOM    .... 

SI  M   a 

«  SO     0 

II 

v'TilUDHtwl      .    .    . 
jD.nn»H.»l    .    .    . 
^AmnnKinL  Urht    . 

i4  41 

St  SI 
SS     1 

S  4T 
8  S4 
8  IS 

111.  CoMt  of  LAPLAND  &  NORWAY. 
FTomNonZonbUlothoNuo.           1 

-•BlcudrForduid   .    , 
^TotyUluid.  N.W.Pt. 

IS  11 
U  18 

B  IS 
8  IS 

0 

11 

0 

EMt. 

^HoroUMd.    .    .    . 
JM.lmoreHMd      .    . 

SS  IS 

T  SB 

0 

Nt-n  ZembU,  N.  Pt 

ro  84    0 

a  4B     0 

SS  IT 

T  48 

0 

WtlgrtMStnit    .    . 

ro  so   0 

17  4S    0 

1—  PC  Fuuntl  Lifbt 
|_DuMffHMd    .     . 

SS  18 

T  18 

C.p«C.^di^    .    . 

set8s« 

u  ta   0 

U  19 

T  IS 

87  11     0 

14  SS     0 

HullinHHd    .    .    . 

SI  It 

< 

T  SS 

B8  40     0 

11  97     0 

SS  M» 

T  14 

C.VoroDonoT 

Vt.  •0'  W. 

OoodFortuoa     . 

B8S1     0 

IS  BS     0 

ImiboiM  H«d .    .    . 

IS  IS 

0 

«  S4 

0 

C.  KitnoM  .    .    . 

SS  to    0 

IB  S(     0 

M  so  Ml 

T  14  41> 

.  AicHiHou.,  ontor  Rd. 

H  37     0 

(•   IS     0 

GiinU  CuuOTTij  . 

II  18 

0  14 

0 

J  — Ci^ 

n  SI  40 

40  U  IS 

U  19 

0  IS 

0 

*  K«r.  |i  W. 

FiirHMd    ... 

II  IS 

0     1 

*0»«g.     .    ... 

SI     8     0 

M  <T     0 

Tor  HMd     .... 

IS  1* 

S  S8 

B4  SI     0 

M  10     0 

U  SS  s« 

IT  98  SO 

H>idan]toclu,N.Nid 

14  S« 

S  16 

0 

An;irLE.«d    .    . 

IS  11     0 

IS  14     0 

BUckHMd      .    .    . 

14  47 

S  16 

0 

Kuidriu     .... 

117  11     C 

IS  SI     0 

Curickfargu   .    .    . 

M  43 

S  4S 

so 

CrouIaUnd     .    .    . 

wir  to 

10  18     0 

Battwt 

M  IS 

u 

S  SS 

0 

Poiwi 

17     4  so 

11     ft  IS 

H«r  I.  ud  Light     . 

S4  49 

s  as 

0 

■7  14     0 

II  SS     • 

.  Sooth  Rock  Light     . 

M  U 

S  86 

M  10     S 

40     S     0 

14  IS 

s  to 

For.  1"  W. 

14  14 

S  SI 

i4     0 

6     4 

0 

^  N«,l  Id^,  N.  «d 
J  KiidDis  Idud      .    . 

«»     « 

U     1     0 

^D«,d.lk.    .    . VT 

U  SO  10 

6  SO 

0 

N  10     0 

111  so    • 

fcioach«tHMd     .    . 

ISM 

• 

6  IS 

0 

iKol. 

iBsase 

It     0  41 

IS  44 

• 

6  IS 

0 

•SWudbanUUod.    . 
■?No«TiiC*«    .    . 

r«3is« 

II     «4B 

«8tP.tnek'»ldmd   . 

it  at 

0 

6     S 

ri  10  IS 

M     0  4S 

11  Luitnr  Iilud     .    . 
tS  Howtb  HHd  Light   . 

» t« 

1> 

6     0  IS 

IS  a  so 

a  s 

0 

fr-FugleDM.  Point 

roso  Bl 

U  41  IS 

DUBLIN  Light    . 

IS  tl 

It 

8     S 

11 

I  Vt.  ll«  Sff  W. 

-  OhMmton^     .    . 
Vmr.VfWW.    . 

iS  SS  11 

8  so 

■0 

^Suid-oe  .... 
^Loffodtm  IdM, 

so  SS     0 

U     4  IS 

SSS6  IB 

IB  4B  49 

WieklcnrLi^ti    . 

n  S9 

• 

s  so 

0 

ArkW   ...    , 

ta  SO 

0 

6     E 

10 

S  —  Woiroe  or  Worn  1 
5-Ro.lI.Und      . 

ST  41     ( 

11  41     0 

Glworrick  Point 

•a  se 

OlO     8 

J. 

10  59     0 

TABLE  LVI. 
LATITUDES  and  LONOITDDES. 


VigtMldM, 

—  SotM        ... 

HiltflD  lilM,  middle  . 
Fnjan,  S.  W.  md 
DBonoEiii .    .    , 
■8  r«r.  n«  WX  W. 
•9  Griboanw,  middle 
frChruduMnnd  .    . 
^  Lingnn  PioM,  entr. .  BS  B' 
3  HiuTWT  Sand,  gala.  SS  B: 
iNiWTi  Korf,  enf      "•  '' 
fMolda     .    .    . 
k  Hoodae  Ligbthoa 
%Sudt  Land,  N.W.Ptje 
<^Frae  Soan,  eatnuce 
a  Tsmpm  Banli,  mid. 
1  BaeUnd,  N.  W,  iitd  .jfll  1 
j  Ann  I.,  N.  on* 
Vim  IiIm 


Buddt  Cutle 

Kon  Fiord,  eDlnu 
Fnrioe    .    .    . 

Selboe  Fiord,  snti  _   _ 

Bommel-iM,  8.  and  .  S0  B 

Skudemaei  light  .  SB 

.  Hriddii^fi-a*  li^t  .  ID 
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.1AS9  iaU  H    0   ' 

:   H  tT  IS  n  la  »5 

.  IT  II  15  U    tt  41 


Dpbalia,  Ut  V< 
Itt.  John  gr  CkaiL 
KalMriorHwkki. 
ekrm*.  Hi.  CoAlU 
Cinnd  Part,  wti. 
iloor  SomoU, 
otintlMplu. 
SUatkw,  N.  Pote    . 
PaUriMK,  nMait 

ivriTT." ;  . 

'tit.  Eamti,  tmanft    . 

Lmumm,  M.  W.  Pt.  . 
'-  CqM  SMh.  8.  Pt. 

-  Pt.BI««,KJLPt 
'TMadoB.PMk. 


»  SO  14  H     I  4S 


JTWM.  S.  NicludalU. 
iMicoai,  N.W.  BlcnmtjIT 
U  RliraM,  middl* 


11  IS  n  ST  so 

4S    7  U  »  40 

r  M  14  It  M  4> 

r  4S    SU    8  St 

r  H  MM   a 

r  4*    DM  M 
r  IT  IB  14  91  4* 

r  H  14 14  n  H 

r  18    0  M  IS  u 

r  M    OHM    0 

,  IT  BO    8  M  W  M 


HTtaloi,  Ctpa  Sifri 

—  Port  Loiigoiu.wi4r.i 

—  Port  DUVNT,  ■    ■ 

—  TtMTIk        ,      . 

Pma,  Mtnat  . 
Scdo,  NonhaiB  H 

—  Cip«  Mutieo 


»  4S 

.10  IS 


•  M  14     I 

L4|M  H     I 

•  ts 

•  IS  S«     I 


II     0 


Bfilo,  Town 
—  Moont  EUh 

tiMilo,  ■ 
PolicMidro  , 


IS  B  0 
»  10  IS  IL  SI 

IS  1ft.  ' 
M  16  14  41  11 
■a  SO  14  U  S8 
IB  IS  H  11  48 

10 14  H  ta  U 

SB    4I4  4S  U 

40  SO  14  M  SS 

46  10  14  M  ST 

41  4S  M  n  M 
H  IB  14 

4T  41M  14  It 

4l»4  SS 


Niouia,  a. 
Saaoi,  W.  Mont 

—  Port  VitU  .  . 
PatJDO  or  PatnuM. 

—  Boath  Hoont  . 
Lmd,  Hoou  Chidi 
Cntjiaiaoa,  maoit 
Co*  or  StBuea, 

—  Town  .  .  . 
Ninri,  nuiudt  : 
TilAorPiMopi, 

—  M.  W.  Hooat  . 
KuU  .... 
Cuo.  S,  Point ,  . 
Soupuilo,  S.  Point 

—  NoTlli  Point  . 
Be»ii»nt«ai.  K.  Ppint 


HooM  IT  11     9  M 


.  IT  41    ops  U    t 

IT  IT 
IT  10  4 
M  ••  » 


8  IS  U 

T  II  M 
T  II  M 

TiijsH 


Xnr.  Tit  Com  (^AFRICA  b^  IW 

■obuce  to  tbe  HEDITERaANEAN 

-to  tho  CAPE  OP  GOOD  HOPE. 


a«ittCRa  .  .  . 
C«p«.Noo  .  .  . 
Rim  Noo,  «Btnaci 
KalwCwaBcjtdor 
CipeBojador  .    . 

5'  Sarai  Cap**    .    , 
Rivar  Onra,  Umiu  . 
vCap*  BwbM    .    . 
-jCipaHuwo    .    . 
«C>paHirik      .    . 
PortMidik    .    .    . 
Barban  Point .    .    .  .  _ 
8BnoAi,,PartSt.Loau  16 
Cttie  V«4,  the  Papa 

i-  Nmth  Wan  Pitch 
OoTMldand,  Town 
Par.  17"  II' IF. 
H.  Gambia,  Biid  I. 
—  C^eat-HaiT 
—  Ballmnt  Town 
Fn-.  |j»  M'  IF. 
Cap*  Roxo  .... 
BiaaM,  Fort     .    .    . 
Far.  IB-  V  W. 
Bijoan  Iilandi, 
-Bdaul.,  S.  Ft. 

-  TombaUT,  N.  Ft. 

-  Oalina  L.  W.  Pt. 


M     ft 

942 

U  l>U  IS 

1  IS  14  11 

4t  19  U     0 

(1  mu  u 

l»  U  IS  H 

»     OIT     6 

U     «16  U 

M  «i«  a 

u   oils  )S 

«U  ITM 

44  4<  IT  Si 

■9  to 

"" 

■9  19 

19  40 

M  l( 

10  41 

'«» 

M    0 

U  91 

•1     9 

16  » 

99     0 

IT  40  IS  40 

OfoSdalbr.    . 
Ba^ld,£.P«rt 
Pltn  la..Gfll^» 
.FaaMTMaa     .    . 

-i-Ca^St.AM  . 

YvklakDd     .    . 

Bar,  S.  PoiBt 


8- Y«l 

Ic^N 


_C.pa)L 

I^GnodB 
|Gn.dS.Mna  .  .  . 
Q  Capa  Pabu  .  .  . 
Var.  W  W. 
St.  Aadreir'i  Rirar  . 
Laboa,  Town  '.  .  . 
Capa  Appolana    .    . 

Cap*  ThTM  Pobita 
I>ii  Can,  Fort  . 
BainaCMtle  .  . 
Cape  Coaat  Caatla 


Fort  . 


11  9U  49  M 
M99IS4I  S4 
M  UIS  M  1 
U    911  H  H 

M  919  U  M 
M  4SII  14  S9 
H  « IS  14  M 
K  MU  17  M 

I    •  WU  I*  U 


*a  CISM  49 
St  4S  IS  SI  ■ 
44  49  II  S9 
19  19 19  4S  I 
»  9;  »  H 
I  4S  «  a  14  9 
I  S4    9  T  4«  19 

•    ol  «     S     9 


i   IS 


4  H     9 


9  ••     I 

I  47  49  9  IT  10 
4  II 
1  SO  19 
1  99  to 
0  1  II 

7  10 


i  10  IS  I 


(  10  >0i  1  t  i« 


[  19  H 


0  46  48 
ol  9  94 

0  9  Ik  to 

BaM 
I  4S  9  0  I  48 
~  l  0  49  18 

)  0  S9  18 

1  0  04  W 


6  98  0  a  99  0 


SOe                                        TAULK  LVI.                                                I 

LATITUDES  an 

a  LONGITUDES. 

(«)     PUm.. 

LaLN. 

Lop-E. 

(Sfl)     Plaooa. 

Ul.  S. 

Lon.E. 

4  BMiin  Hinr,  N.  PL 

t  U     € 

a   •   0 

Tabla  Bar. 

-  Cap.  town.  Oba 

.       .     . 

•    >     f 

1  lUmo  B.,  *ntr.    . 

S     S  10 

S  21  IH 

IS  S5   IX 

IB  9S  SS 

aCipeFonaoM.     .    . 

4  SI     fl 

8    a    0 

-  UrMO  Paint.Ugbt  IS  tS  10 

IS  19  SO 

NewCtl*buR..W.Pt 

|l  M  Sd 

«  sa  10 

ir-. atf  w. 

1"-  DoTil,   I'Mk       . 

t:C>FaarGooDHa»  . 
1  -  BoUowa  Hock  .     . 

Old  CilBbv  Rim, 

33  17  19 

18  91  H 

-  Tom  Slut'*  Point . 

4  u  a 

8  18  80 

11  93     0 

IB  94  II 

.CunvooaH., 

14  II  4h 

IB  94  to 

I  -  Sootl]  Eut  PL  .     . 

■  40  I) 

9I8  9J 

U  Fall.  Bar, 

fC^BSLJolu  .    .     . 

1  10     0 

9  IS  40 

-»  ~  Siniooa  Bar.D.Yd 

Mil  18 

IB  SI     0 

^Co^liluxl.    .    . 

0  a4  10 

9  IT  to 

*■-  Whiul*  Hock  .    . 

MUM 

IB  99     0 

C*H  EiUriM  .    .     . 
Gi&ooR..  PlCUt. 

0  IT  48 

0  18     0 

4  -  8«al  Itlandi     .    . 
J  -  AnTil  Rock      .    . 

14     8  48 

18  99  to 

BIO  to 

9  11  ID 

S4  99  40 

18  9«     S 

South 

18  4S     0 

C.p.Up„           .     . 

0  BT  11 

0  U  lU 

8  ST  SO 
H  40     C 

F-r,  9tf  10-  PC. 

(V.  IW  V  w. 

9  11     0 
9*1     C 
0  4T     0 

XIV.  ISLAKDS.  ROCKS  and  SHOALS  in 

U«p«  8l  CaduriM 
fPointPMlnM    .    .     . 

tlM  NORTH  ATLANTIC  OCEAN.  a>d 

9  4B    1 

SOUTH  ATLANTIC    or   SOUTHERN 
OCEAN. 

'*  Var.  %l'V  W. 

t  >a4< 

10  11     0 

haukfo  Rirar,  utc.  . 

4S.H 

11  49     0 

North 

17  4S     • 

RiTer  Cosgo. 

Lion'.  Bank     .     .    . 

M4«     « 

^-C.»P.dnNi    .     . 
^Ambc£^Bir     .    .    . 
5l>«d«Foiit     .    .    . 
^  3t.  P«d  do  Lo«do 

ABC 

II     9     0 

Ro<*d    .... 

ST  19  19 

11  81   18 

T  SI     « 

11    4    0 

Aitkin'.  Bookl     .    . 

SS  19     0 

9SS     0 

sn  0 

11  14     0 

foaiUBock     .    . 

SI   10     0 

IB    0    a 

8  48    t 

11    8    0 

ChapaU*  Bulk)    .    . 

47  17     0 

8  90     0 

C«po  Lado  .... 

948     0 

II  IS    0 

16  S«     8 

IS     S     0 

No»R«loDd.      .     . 

11  H41 

IS  44  40 

Nan*'*  lt«>^>  >>Knt 

18    7    0 

SI     •     0 

SLPfaUipdoBtDSBtU, 

lale  Varta.  abL     .     . 

44  St    • 

HSS     « 

-fort 

lait   » 

11  90    0 

Urano'a  I.m1s«,  abt. 

41   IS     0 

SB     C     • 

StliaM 

las)   <H 

19  51  n 

ABpliaontRoekil    . 

19  SO     B 

94    a    • 

ElophoDt  Bit,  FViu. 
Cipo  M«7.  Iniut    . 

11  18  la 

19  41   10 

Paraaui' ShoJ .     . 

41     8     0 

99  so     ft 

11  U  IS 

19  SI   SO 

Jl     9     0 

40  93     0 

Up.  Mirth.    .    . 

11  84  10 

IS  n  10 

l-hrM  Chimnera  !      . 

IT  44     0 

39  40     0 

V.r.  3a>  w. 

Gough'aRoekal    . 

10  SH     0 

It     0     0 

Littla  Fuh  Bar, 

Wauon'a  Rock     . 

10  18     6 

Jii4a    0 

-Bfown'iPdnt. 

IS  IS    « 

19     9     ft 

Whale  Roek     .     . 

18  48     0 

US    a    0 

Ctpe  Stan     .    . 

IS  40  4S 

11  SS  SO 

RiffatStonaa.  N.Part 

U  SO     0 

IS  SS     0 

pDrtAloiuder     . 

IS  4f     0 

11  40  SO 

St.  Mair'a  Bank,  abc 
JoanaRock    .    . 
TolWh'B  Rock*    . 

It  as    0 

97  10     0 

-?-Ti«rIiUiia,N.Pt 
^CpoVrio    .... 

11  40     0 

IS  as   0 

l«  10  11 

11  4)     0 

IT  ST     0 

14  10     0 

18  tl     0 

II  BT  10 

BntoD'.  Rock.  abL 

10  40     0 

11  SS     0 

ZcapoCro.*.    .    .    , 

3  -  PoUoui  PoiDi  . 
C  Holkmi  Bird  Iiluid 

»  SO     0 

IS  SI  ib 

Hnnw-aBink   .     . 

19     S     0 

M  SO     0 

n  sa  10 

14  91     S 

Barmndu)  abL 

■9  90     0 

17  la  a 

14  IT  14 

14  9T  10 

Barmudai  L.  Town 

I9U     0 

Msa   a 

■  Angn  Paqaani     . 
JOrufoBiw.    . 

M  18  10 

10  38  to 

IS    a  lU 
IS     T  SO 

Far.  S-  IK. 

-  Wrwk  Hill .    . 

19  IS  90 

S4  47     0 

18  88  10 

Ifl  99  SO 

-North  Rock.     . 

IS  90     0 

84  M  10 

SCnoVoltu     .    . 

IS41    0 

10  IS  SO 

AihtonRock    .    . 

IS  48  SO 

n  41  JO 

vJk  ».  W.- 

Honrand'a  Bank    . 

M  84     0 

t«  10     0 

Olophut  HJnr,  aotr 

II  40  4S 

18    9  i; 

Inglaeald  Bank      . 

19  49     0 

M  17     0 

C*pi  l><Kilcin    .    .. 

II  SI  11 

18  14   10 

Cip«DM«di.    . 

H  18  U 

■a  IT     0 

■;  CoiTo.  South  Point 
t  Horaa,  PL  D.lnda 

ID  41   11 

11     S     0 

SL  Holam  Bar. 

to  SS  Ml 

11     8  so 

-  Patomonor  Point 

»  49  11 

IT  40  10 

5  Vmr.  18°  W  W. 

a-libnlu  Bi7,  N.  Ft. 

11     I  SO 

IT  48  SO 

iFayal.  8  E.  point. 

SB  10  It 

18  41  St 

Point  !««.'   .    . 

lS%,iB 

11  iTii 

IB     B  40 

kPii>.muD»ilirfP«k 

W  96  IS. 

M  98  IS 

DaMonldaBd  .    . 

18     1  ID 

-SLGoOrg..  S.E.PL 
|Gi*!io»..8.E.Pt. 

18  99  t» 

17  SO  49 

Back  Point.    .    . 

11  11  4h 

18  14     0 

M    0    a 

II  SB     0 

11  47  10 

IB  IT  11 

-^  I'sReira.  Bnail  KlL  .18  SB  11 

n  IS  IN 
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(IT)     FlUM. 

T«uira,  Aacn    .    ■ 
StMickiel, 

-  Ft.  Dclgidi,  Cit; 

-  Ft.  Famrii     .    . 
Vv.tt^V  W. 
~  Pt.  daUUu^oa 
Fonupi,  or  Ant* 
St.  Hut.  Town     . 

-  8.  w;  Point.     . 

-  S.  E  Point  .    ■ 

Pane  Smta,  Tom 
V^.Oi-W  W. 
Ibilan.  E  Point 

il  -  Fondul.  Fort  . 

I  Fw.  21*  W. 

I  ■-  Wwt  Point . '  . 


Lit.  N.  I  Loa.W.  I  (U)      Fhow. 


18  W    •'*!  14    0 


I  I.     -H.A 

r  4t  ive  41  so!t    -  Eut  p. 


IT  41  itu  a  m! 

■  ST  4B  10»  !•  M; 

JlT  10  S0S4  M  IK, 

.  *a  sa  <»'ts  IS  IS ' 

.16  ST  tl»  14  18' 
JutS4TlS     S     0! 

.!u  >  SJ  1«  18  4B 

.  H  u  to  10  se 

.  II  ST  4S 10  U  so 


'.Pt.  .10  »8  •«!  S»  . 
■  .  .'IS  ST  SO^  a  M 
.  .  .  IS  SI  S*'24  i,  . 
StMlk  Point  •  .  .  I«  SB  SWSI  SS  « 
Sd  or  Sdt  L,  N.  Ft.  IS  II  SOttS  il 
"  Monfaira  Bor  .  .  lA  41  SmS  : 
Far.  14*  W  W.  \ 
'-  Somh  Point  .  .'W  S4  u'ss  < 
Boonialh  N.W.  Ft.  |s  IS  S»'3«  M  40 
-  North  EMt  Point  IS  II  •'«*  «•  S« 
I  -  Now  Towe  .  .  .I|«  T  «^  H  SS 
I  —  Sondi  Point  .  .  IS  IT  fTS  SS  4t 
.  IS  48  »M  IS  0 
.  IS  !•  »ZI  1«  0 
.11     T  SOSS  IT 


3   '^MiTO.N.Poi 

IO;'f-El^li>llH 

I  >r  —  ftnMli  Pat 


Pilmi,  N.  Point 

-  Su  Cnu.    . 

F«iTD,  Vtl*enl« 

-  Weot  Point . 
Ggaen,  Port  . 


.)S8  SSSOIT  HSO 

.IS8  4S     OIT  4*     0, 

Jaa  SS  oiT  tr  • 

Jttl  41  to'lT  M    0 

M  44  oils  •  o: 

.    S  4«IT 


_  -  Sontb  Point     . 
■  St.  J*co,  N.  Point 

-  Eon  Point  .    . 

-  Porto  Frna  . 
-S.W.  Point .  . 
Togo,  N.  PoiM 

-  F«A  ..'.'. 


.  IS  IS  tra  «•  So 

.  IS     •  S*S*  »     I 

.I4SS4*3SS4     I 
.  14  sa  S43S  4T     I 

■  IS     1   Ui*  » 
.14  SS     •'34  SI     . 

■  14  S«    •>»  n  40 

■  14  48    0^  «T  SO 

■'  S     4     VSl  St     • 


-Sto.Cnu,  Mi^ 
.r«r.SO"0'II'. 
«  ~  Bontli  Point .    .    .~    .    -  .. -. 

j  ■-  Pea B8  10  SS  l«  S« 

•:  -  Orotan  .    .    .    .|S8  SS    V^IO  14 


■W     S  4«IT     I     « ,  ForaDdo  Pd 

I  -Cm  KOI 

.OS  S8    0  le  II    0  -  Pont  Wil 

'1  -  Cop*  Hoi 

.48    I    •  10  4S    0  -  Cop*  rid 


?l!s8 


E.  PLV8  IS    e.tS  SI 


s  Its 


Hontio 

CoJM  Vidal . 

u       —  Cipe  BuTow 

o     For.  S4*rir. 

-  Cap*  Eden  . 
0        —  Cipo  Badvlej  .     .    ■  iir 
«"       -  ChuUa'  FdIIj  .     .<  S  1« 
10,      —  GoatUlmnd.ooolon  S  SI 

1  jj  Prince'*  I  dud.  | 

•  «  —  Fort  St  Antoi 
jl4  SH  SO  5  —  Tbo  Brodien 


S  4T  It   B  8*  S4 
-  "      8  4» 

S  48     0',  8  44  14 


-  Sonth  Point 

-  Port  da  Nooo 

-  N.  E.  Point 


St.  Antonio.  N.  Ft. 

—  F.ut  Faint  .    . 

—  Weill  Point .  . 
^-Tara&lBav.  . 
5  l'«r.  If  IV. 

3  —  SoDlli  Point      . 

SSt.VJDcent, 

3  —  Potto  Grtnda  ■ 

t  St.  Lncea.  N.  Punt 

"  —  Eut  Point  .    . 

XBranc*.  enter .    . 

5  Kh>.  K.  Point      . 


.08  45    • 

.m    4    0| 

:b , 

EIS    OlSW    0 1  <Q  Aanabom,  Rood 
SS  SO  IS  SI    0  Jl 
r^BaaTet'iSoDdrl. 
...IS     0»     V  »  -B  Triton'*  Bmnk' . 


.ifSt    ' 
ibaaua  lolmd, 
Blu  of  War  B«r  .'  0  ST    0  0  44  4S 

I     SoBlll 

.M  St    0  «  4S  4B 

Wen 
.    0  SS     019  lU     0 
.'  0  SS     0  IT  48     0 


S  40   ^  Keniindolie  Nor 
J  —  llie  Prnmid   . 
an 


.  1«  S«  48  S3  SS  SO   4  Roecu 


.  16  tt  OSS  IS    Oil 

IS  S4  Ons     4     0 : 

15  49  0B4  BO  SO  , 
10  46  014  4S  0  ' 
10  40  0»4  44    0 

16  S8  004  18  SO.i 


Vlaeidsle'*  RHf.  ibt  0  tT  0  41 
KluHwl  Lull  Rocki  J  0  II  SS  14 
F«r.  0"  ST'  E. 

Srlvi'i  Rock*  .  .  .'  0  SS  01' 
Trinidid,  S.  E.  Point  [lO  >1     0  21 
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-  JmdmTowb     . 

r<tr.  u>a«'  w. 

TriMu  dk  Culik . 


1  Lmdm'i  B«a(;  ■bt. 

■«WlwkRo«k.  .    . 

fCiwoiiiop  L>nd 
HtlaaiAMUFtlklud 


Vt  19 

IT  as 

10  le  I 

»  II 


.  N«*tb  Fonlud  . 
■|  DMohlioa  Idaod . 
J  Cipe  Shsriff     .    . 


n     1  0 17  43  4 

u  SI  a  IS   •   0 

n  14  Ota  Bt    • 

OS  »  0  BO  40     t 


—  Cip*  Faroinl . 
-C4*M*i«ditb 

—  SoUdadoi 

Old  f  ort  SC  Loni 


SI  14  ojia  M 
SI  u   gai  19   0 
.  >a  ag   a  w  la   o 


i  Danaptioa  I.EMt  and 
i  SL  OMiin'a  B(7 
Hop*  Iiund 

Alaxnidw  theFint'iI. 
PelOT  th»  Fitit'i  L  .  . 
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r  10  91  41 
t  4SII9  K 

B  usa  u 

4     OBI  11 

61    I    OH  4a    a 
n   «   018   s   0 


S  SOM  4 


r«r.  W*  4f '  E. 


16    OU    0    0 


XV.  TIw  CoMt  and  ■dJHiwI  Uuda 

Iran  tlM  CAPE  OF  GOOD  HOPE 

t«  CANTON. 


,_0«c™     .    . 

^  Sudwioh  Bn-  .  ■ 
.-  Q.  Chariotta  «  Capa 
IConua'  ' 
40.  Din; 


14  ir 

14  41 

14  H 


M  »  10 

Sfl  19 
11  10 
4  10 
W  It 
U  SB     0 
U  4S    • 


18     0     OH  SB     Ol 


Cafi  of  Good  Hoi 
FalatCap*oiHugUip|M 
Yt.  3»°  10*  W. 
Mudga  Point  . 
Dangar  Point  . 
Dj«r'a  laknd  . 
Qnoiii  Point  . 
C^M  LwuUu  . 
Strny'i  Point  . 


ia 


Infanl 


\  Soothwii  Thnla 


-Capa  Da 
-SaddUIi 


BO  4B  10 

10  IT  SO 
SO  41 


14  11  a 

14  SI  IS 

48  n 


.jj  Claranaa  lalmd, 
B  —  Llord'a  Point  . 
3-CapeBawI««    . 

CornwiUu  IiUnd . 

Elapbant  arBarraw'i 


LaTen  Point 
"^  C^M  Vichw 
iFlaabPoinl. 
U  MomU*  Ba;, 
*»—  Capa  SL  BlaiM 
kKnjwu  BiTw,  E.  Pt.  14 
J  Plattvnbnn  Bar, 
^  -  Capa  Seal    . 

Capa  St.  Fiasoia 

AlgoaBaT, 

-  Cape  Racir . 

-  St.  Croix  I.,  Peak 
_  Doddingtoa  Rook 

-  Biid  U,  eaita- 

-  Woodr  Cqra 
Point  PaoTODe  . 
Kowio  R.,  antr- 
Graat  Fiah  Point 
Graat  Fiah  R.,  «Btr.  J] 


M  S>    0       Keiakama  R.  anti. 


II  18     014  U     0 


5  -  Capa  1 
^SmIRoc) 


.MI  u    ope  90    0 

■loi    4    oU  »T  »o|l 


Point  Hood 
Bufialoo  RiTar. 
—  Cape  Motfan   . 
Far.  I0>  W. 
Hole  in  the  WaU  . 
St.  John'a  KiTer,  anlr 
CapaNatU.    .    . 
Piaher'a  RiveT,  entr. 


IT  11 10  I 
41  SO,  It  IB  » 
41  49  19  SI  10 
48  4B  10  H  4 
SI  U  IV  H  1 
43  84  SO  11 

10  saM4a 
9T  Wsl  so     _ 
19  49  SI  SI  91 
IS     0  91  88 

T     on     64 


.10     0S4  4 

.     1  10  U   SB   10 
.  4T  M  IS  4 

.  ST  IB  96  6  90 
:  SI  fi,96  19  M 
I  4B  10196  ~  - 
I  40  10  96  19  10 
I  >1  49  16  4S 
I  M  1017  9  1 
I  IT     OIT     9  1 


II  10  49  IT  9«  10 


11     I 
It  49    6 


■7  59  40 

98  10  4* 
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{«)        PUOM. 

u.. 

Loti.E. 

(41)       PbcM. 

Ut-S. 

U.E. 

Mot  Dmnftrd     .    . 

fe»" 

11  40  U 

Liiidjr  K.,  Fort     .    . 

B  69  H 

k«'o 

Ctaia  St.  Lneik     .    . 

le  IS  10 

»  SSIO 

MHonnRi*u     .    . 

949    0 

S941  SO 

CuaVidal.    .    .    . 
-*c5^cJirtto.    . 

18     9U 

IS  II     0 

»se  0 

S9  11  4D 

Km1w>,  or  Qnilo., 

W     4     0 

II  M  M 

-Puoda  Point    .    . 

9    1  41 

IB  19  10 

-  Ctp«  InjBck     .     . 

U  88     0 

IS  ST  SO 

QnilM  1.  Fort  .    .    . 

6  ST     0 

IB  9B     0 

-Elmiiu.ll.,N.PL 

«  18  IS 

■1  SS  IS 

&JrJf.PW. : 

8  ISS4 

IB  to  10 

SI  S8  IS 

•i  II  42 

7  66     0 

IB  IS  40 

LH«Ri'er«ntr..    . 

»  10  U 

»     8     0 

-HotMb;  Point      . 

T  UH 

SBS9  4S 

In^pur.  R.  .Bti.    . 
C™  ConinitM    , 

SS  11  16 

»  as  ID 

Poui.  Point     .    .    . 

T    S  4S 

IB  It  IS 

S4     I  10 

Is  2S  It 

S  S4  tl 

SBSS  10 

SI  St  4S 

IS  19  40 

Zuail«rl.,  S-Point. 

A  BT  40 

IB  ST  SO 

U  44  10 

IS  SS  10 

-Town 

0     P  U 

IB    9S4 

1      C^w  Lwly  Gf.T  .    . 

n  as  IS 

16  10     0 

-  Nortb  Point     .     . 

S  4S48 

IB  It  10 

»  11     0 

IS  S8     0 

PomlMrL/s.  Point    ! 

so  41  10 

IS    s  to 

«  H    « 

SB    4    0 

Cbolnwu  I.,  N.  Pt. 

SO  18  19 

H  48  10 

«M  18 

SB  ST    0 

SoAb.F«t      .    . 

M  l«4S 

14  40  SS 

Monllduid. 

LiulwShodi    .    .    . 

18  IT  40 

IS  SS     0 

-ChikChikBiT    . 

6  IS  46 

99  IS  90 

Qnill«M«R.,To-» 

IT  SI  48 

16  E6     0 

-  N.  W.  Point    .    . 

4  SI    0 

19  18  43 

—  Port  TranUn*     . 

18     1  S4 

W  SO  SO 

Mombw  I.,  Fort   .    . 

4    4    0 

S9  18    0 

-S«DM,T%1>     .      . 

II  10     0 

St  SB  4t> 

KillMlj  aiTot.  >ntr. 

S  17  48 

19  47  »0 

D.rid-iShod>      . 

17  11  10 

58  87  U 

M>b«^    .    .    .    . 

S  IS  48 

40     6  10 

D«Syl»«B«ik     .    , 

IT  18     0 

•8  46  10 

FomoM  B>T, 

,  Fog»  or  Fi«  I. .    ,     , 

IT  14  SI 

>8B0  18 

-  Ru  Gotiinj    .    . 

S     0     0 

40  11  10 

XlUnUIuid.    .    .    . 

19     1  SO 

J  -  (Hj  RiTw  .    .    . 

'SLtmoo,  Town    .     .     . 

SIS  IS 

40  10  10 

fTr^aiUUnd     .    .     . 

IT     4  18 

SO     4  SO 

t  IS  4S 

40  Gl   10 

16  GS  48 

3S     1   10 

SRuKmttow      .     .     . 
CP.tU.Town      .     .     . 

3  Dnndu  U.,  Peik  .    . 

S18  4S 

40  SS  10 

VC>Ideii«  bUod     .    . 

16  IB  4b 

19  40  48 

X     D  IS 

40  ST  10 

«Aw«b.l*,HaTd->I 
iH^hmtlarM.ftBMd.1 

10  II  SI 

16  SO  ID 

10  44  SO 
S9  SB  48 

S     6  11 
S     0     0 

It     T  ID 
41  11     0 

^  Hoddart'i  Shod!  .    . 

IS  46  4S 

to  SSSO 

1  4S  10 

11  SO  40 

i  ~  If  oRh  end   .    .     . 
A  -  Sooth  and     .     .     . 

■  -PonDnniford,NPt. 

1  IS  13 

11  49  10 

IS  II  u 

40  SO  10 

1  -  Tool*  I 

1     0     0 

11  SS  IS 

IS  M    0 

10  IT  ID 

,1-TboodiI.,  N.Pt. 

OSOH 

IS     7     0 

13  10     0 

<tO  11     0 

«  -  Kimmjoo.  S.  Pt 
^  DmUIu  Shod!     .    . 

0»48 

IS  16  SO 

IS     1    0 

40  41  4B 

•  M  S4 

tS  16  40 

-  St.  GMrg.-.  I.      . 

IS    s  u 

10  41  10 

0  14  ID 

19  U  ID 

g:ir¥S'.'-.--. 

14  S9  10 

10  IS  IS 

North 

14  S»     0 

16  46  48 

B«T.,Town    .    . 

1     8  48 

II  S8  IS 

Pud.  Shod,  E.  .ad  . 

14  IS     0 

I0  4S  10 

Totrm 

1  96     0 

44  16     0 

L-gWMPcnat  .    . 

14  IS  SO 

UI9  48 

MMk.      .... 

1  44  10 

44  46  SO 

SonMU  Point.    .    . 

II  13  48 

10  11  St 

HoiMlj  .... 

1  SO  ID 

44  U  SO 

B^leyPoiDt.    . 

11  SS  48 

40  SI     0 

1  »  46 

IS     S     0 

IS  36  10 

10  IS  40 

Fomln,  N.  Point  . 

IS  SS  46 

10  >8     0 

M.g.do*la   .    . 

9    148 

15  19  10 

Vm-.  W  W  W. 

Ft.^O-IT. 

AtmbiIm  Point     . 

II  18  IS 

10  U  M 

Moral  Hill  .    .    . 

9  41  11 

10  IS    0 

RwAmowI.    .    . 

4  14  10 

IT  6G  10 

-  FooBo  I.,  N.  Pt. 

IS  11    0 

to  14    0 

RuAwith  .    .    . 

SU48 

18  IS    0 

-QnMiMb*L,N.PL 

ISSI4S 

10  U  46 

Rm  1)1  Khjln  .    . 

T  41  10 

IB  40  10 

-lbol.,F<>tt.    . 

la  to  0 

10  II    0 

RuMibb^    .    . 

9S9    0 

M  4G    0 

-Bl>t«Ku>J.,E.Pt. 

IS  11  46 

10  MSO 

R<i>H.fooDotOifiu 

10  9T  48 

SI  16  40 

Pangmt  Point.    . 

11  S0  SO 

10  19  BO 

HotHudww    .    . 

10  S4  10 

MBO     0 

bladoinUtloi     . 

11  48  41 

lOSI  10 

R»Bun>  .    .    . 

II  19  94 

ii  e  0 

Zangildud    .    . 

11  IT  4S 

10  10  10 

Cup.  OiurdiAd    . 

II  41    4 

II  IS  SI 

Vnmb.L.E.Pt.  . 

11    SSO 

10  16  1< 

rJTamt  .    .    . 

11  48  SO 

>l   14  M 

NoMloPt.   .    .    . 

11     DIO 

to  10     Oi 

RuHot.    .    .    . 

11  SS  10 

>0  Gl  IS 

Tiko»ad4)ri.,Kj;.pt. 

10  46    0 

40  IS  40 

MMtalilmd    .    . 

11  SS     0 

IB4S     0 

10  41  11 

to  14  H 

Burnt  Uluid     .    . 

11   IT     0 

IT  91    0 

10  11  10 

10     9     0 

Bnibnm     .    .    . 

10  9S  10 

IS     B     0 

b,  Google 
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(«>     PUo». 

Ut.N. 

LOII.E. 

(44)      PhoM.                    Ut.  S. 

Um-E. 

CuxB^Ur     .    . 

11  11    (■ 

U  9t     ( 

-  Hmkj     .    .    .    .  IT  99  90 

U  M    0 

AbdulKooiTl.WJ>t 

19  11  U 

11    9  so 

lU.  G.Uw 

-  N.  E  Pt.    .    .    , 

11  II  U) 

i»  U     0 

'         orCiMChuwUr  .'it  SI  SO 

M  l«  10 

Salte'i  WbilB  Boek*  . 

■SUM 

19     4  10 

BrMhwm,  Dsrir  I. 

IS    e    0 

M     9  SO 

.     orCipelMlatto     .  18  S8    0 
|M««r.'l.UDd. 
E!~- South  Pout     .    .10    T  IS 

»  4S  90 

-8«««gL.    .    . 

11  10  10 

S9  SI     (1 

Kukthlaum  IOm. 

11  19  til 

(B  11     • 

SoMtnUtud. 

^  -  North  Point     .    .'90  40  ID 

^8  48  IS 

-  B«  B*rby.  W.Pt 

11  M     « 

H     1  ■« 

^RuJibib    ...    .91  t*  SO 

i«    4  10 

-G*lUKMlU«l      . 

11  41     C 

51  18  10 

«  Ru  ■!  llnbbk  .    .    .'99  14  10 

^  Km  ■!  Had                 1 

^     or  Cip«  Rowlnt  .  »  *>  ><> 

50  44  90 

-PjmudRock,    . 

13  44  III 

it  99     0 

-T>M>ria.    .    . 

11  H40 

»  41     0 

50  U  10 

-  R-Sboorpiy.EJt 

19  SI  lU 

14  8T  10 

V-r.O' 10' JfT^ 

Murt« 99  IT     6 

M  M  90 

19  U     « 

4>9«     0 

Buri» In  41  10 

I5T  40     0 

B«b*lnM>d.lC>p« 

IS4«    • 

11  SI     0 

Sd»au 94  4S     0 

M  M     0 

Tm-.t^U'W. 

OrniM.F^    .    .    .ilT    T    • 

RuIUtUli.    .    .    ■ 

14  M    I 

10  S9    0 

IB  97     0 

DlnUkliUDd  .    . 

la  u  10 

10  IS     0 

Unk,  Hill  .     .    . 

HS9     • 

S«Z8     0 

U.M.W.B.7.    .    . 

IS  M     0 

10  97    C 

KithiM  Idud. 

IB  1«     C 

S8  U     0 

^  -  Kiihic.,  Town     . 

lAMUorAnsuml., 
r-N.Poiat      .     .     . 
I»-S.W.  Point     . 
f  GrMlTumbliluid 
V  Booou  IiUod      . 

MST     • 

SS  SI  U 

Saikis    ..... 

10     (     0 

IT  U     0 

MSS     0 

U  SS     0 

Mtkt     .... 

10  18   a 

IT  9T    0 

_,C«p.IU..l«.   .    . 

11  18   a 
n  s«  0 

ST  IS     0 
IS  48     0 

l«4t     < 
f«19     0 

90  ST     ■ 

SS  99     0 

jfScJohn'.liUMl  .    . 

nut 

U  10     0 

M  IT     0 

SS  M     0 

IRMrarBcMhM.    . 

U    4    ( 

»  IS     0 

9S  SI     0 

M    e   • 

'^DMUlMahM).     .     . 

14  SS    0 

U  SS    0 

.SPoliororB«li«I.,mi<l 

sei8   0 

S4  4*     0 

>»CMt>rion  SlMwl    .    , 

U  M    H 

IS  4S    0 

r  K*M  or  Ku.h  Idud  |M  99    0 

54     8     0 

JSra 

«TorH.ffc<«r    .    .    . 

18     8     0 

(1  IS    0 

51  SO     8 

M     0  tC 

19  98     0 

3  B«bMb,  W.  Point   .llfl  48    0 
<^CrMcantSbo*l      .     .98  44     • 

51   r   • 

51   4>     ■ 

M  IS    « 

11  98     0 

E  Cmpo  Badiitui       .     .  97  18     0 
.  1  Zeurini  Itliad      .     .  17  ST     0 
£K*TDliltnd     .    .    .17  4S    0 

51   19     0 

J|  Rw  H.lK>m.d .    .    . 
!jfi«««ljU>riN>>r.    . 

3y-u.' 

*j»dddi  .... 

JfCamUik      .... 
*"Mii.bi.B«6, 

IT  41    0 

14   IS     0 

M  IT     0 

U  IT    0 

IT  4S     0 

WTO 

M  10     • 

U9I     0 

,    BtubMT .   .  .  .  .n  It  ii 

SO  04     • 

11  to    0 

»IS     0 

:       K.r.4'40'11'. 

IS   T    e 

40  SO     0 

;      Kwtek  IduHl.  For    .  »  IB  4S 

to  19     0 

'      Bum  ot  BuKoni      .  M  90  90 

(7  40    e 

-V/mmtvt  . 

10  II    c 

JO     S     0 

PlMlKhi  J.,  S.  E.  end  10  11    o 

U  19     0 

Lobnt    .... 

IS  44     1 

49  44     0 

i      G«*« 10  SI  90 

IT  SB     0 

%s:!^: : : 

19  41     0 

'      Kbnblwr  IiUnd    .     .»    4    0 

■8  94     0 

IS  11     0 

19   e   0 

.      Guwow  Ittukd     .    .  18  4*    0 

18  41     0 

Far.  a>  Mf  IT. 

.  l  Ru-ol-Lnr      .    .     .W  91     0 
£  lUi-ol-ZooT      .    .    JS8  44    0 

18  SS     0 

Uebtl  ZatMTT   .     . 
GebdZeslOr    .    . 

IS    1    (r 

19  18     0 

18     B     • 

14   1   a 

49  S9     0 

18  IS    • 

Uocp*    .... 

11  90     0 

U  M     0 

'jDnnbloSboal.W.and 

IT    9    0 

Mt  10     0 

Vmr.ftVW. 

:;K.tifB»T    .    .    . 
I^Bubreinl,  inch,  off 
;  X  F«r.  S-  40-  W. 

JKoorHniuD    .    . 

16  MSO 

JO  11     0 

•0  IS  10 

)0  40    0 

C.p.8tAi.th<«7. 

11  to    e 

14  1«S0 

CipaAdaa  .    .    . 

19  44     0 

15  ID  10 

M     4  90 

il    11     0 

P«-.  B-  40-  [T. 

-^RmRmcui      .     . 

10  II     0 

n  IT   0 

ECpaFuUk     .    .    . 

14  SI     0 

15  10  10 

10     1     0 
SI  40     0 

|E^r ; : 

IT  SI     0 
IS  40  IS 

19  IS     0 
19  94     0 

IS  ir  90 

SI  11     0 

IS     9     0 

59  IS     0 

;c4.Mor.bU.    .    . 

less    0 

14  49  SO 

IsdrBani'vlu'    ! 
^Dilnj.S.  end.    . 

II  SB  10 

59  9S     0 

>IU.Jiiig«r>     .    .    . 

IT     0  so 

SS     9     0 

II  18     0 

19  40     0 

VRwNoH    .    .     .    . 

IT  »     0 

SS  10  10 

1*  9T  10 

il  IT     0 

jCnri.Muri»UlM, 
—  H»lii;i.r'N!E.'pi! 

14  4B     0 

19  41  IS 

IT  96  90 

S6  tS     0 

Jorniin 

14  SS     0 

19  SO  45 

IT  91  IS 

SO     0     0 

»■<»> 

£•     8  M 

SI     0  45 

-8«d«  .  ■.    .   .   . 

IT  !B     0 

SS  40     0 

Zirr™  or  Z.r.      . 

il  59     0 

n  11  in 
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(45)       PIko. 

Sair  Abomid    .    . 

Has  LaBmD  .     .     . 

JUa-el'Alluch 

Jezarab-  lin  •  Lunrt 

Rai  BcMwmui  .  . 
.  Goodwin  ■  Iitanda 
-8  Yuaarat  Iilmda  , 
t  lUa-el-HuhenMb  .  n 
^JibbnbHidwimh  .14. 
>StuuuT'*  3b<Ml.N.giid  11  4 
^Mount  Jibbal  AUi 
U  AbolhnbbM  .  , 
«DebaJ  .... 
-ShMK"  .... 
^Ajmion  .... 


JIU«-«t-Kb7ma 
_  Rnuitpa .  .  . 
h  Shamn,  Tirmit 
^Boitkh»PoiLt. 

Cape  Jedd.  or  YeddulM 
lU*  Sheik  Hdiw)  '    *"- 
Perfonted  Rock 
Great  Quoin 
Cap«  Mnncldom 


Lal.N.    Lon.  E.     (4«)      PIicm. 


CapaJuk  .  . 
Chorbai .  ,  , 
Cape  GiradiiT  . 
Cape  Anibali  , 
Cape  MoDie  . 
Point  Jint .  . 
Din  Head  .  . 
Scarbatt  Iiland 

Sdrat,  Culie  . 
Vaai'i  Tomb  . 
V«r.  V  iV  tr. 


ofii  IB  id; 

OS)   IT     0 

10  tl   II     0 


0S9  4T  0 

I   IT  o' 

OSS  14  a 

0  a  H  o; 

loss  34  4S 

It  a  90  u\ 

II  U  IS     0 

,1  U  41  41 
OSi  SS  15 
ISM) 

£6  8  10 
i9  11  IS 
SO  14  Is 

se  i«  to 
so  10 
se  n  sa 

Ml  U  90 
SS  tS  10 

osa  10  0 


J.. 

Omergoa  .  .  .  .|ll) 
St.  Jobn'i  Higb  Land  20 
Baneen  Fort    .  .  ID 

BonBiv,  Flag  Staff  .'18 
~  Ligbtbouca      .    .jlS 
V.r.  fVW. 
Hmsry  &  Kenny  I,,'l8 


.|93  T  0«S  S4  D 
.11  SI  V0»  SO  0 
M  so  060  1 
.')0  43  OVI 
.  10  SS  lOrTI  4 
.  31  24  0|tS  48  0 
.'•21  II  0;T1  3  Sl> 
.91     4  Sa,Tl  I 


FortiGed  lalind  . 
Pigeon  Iiland  .  . 
BBrcalore,  Peak  . 
St.    Mirj'a    Rooka, 

Q  Piemeira  Roeki  . 
k  MadgaLore  .  .  , 
J  Mount  Dillj     .     . 

STilUohern>  ... 
Sacrifce  Rock  .    . 

Cbitn,  Cborch    .    ! 
Cocbin    .... 

Anjenja  Roads 

Af  anapar  Punt 


Point  Cdjinera  . 
Negapttam,  Fott  , 
FJTe  Vbite  Pagoda* 
Tranqusbar .  ,  . 
DeTieotta  .  .  . 
Porto  Nora.  .  . 
Cnddalore    .    .    . 


3  Pnlliate.  FUgalaff 
■iArmegon  .  .  . 
S  Point  nir>  .     _     . 


10  30  73  SI  30 
3    0'73  r 
10     0';3  t 
ii  4Bl73  1 
SI  4S:T3  { 


CbnoBl  .  .  . 
Bancoot  .  .  . 
Sevemdroog  . 
Uabul  .  .  . 
;bDr  Point  . 
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-Addar'iltlutd.    . 

IS  ts 

0!ll9  49    a 

0  19    0 

no  40     0 

-  Point  BolioM  .    . 

10  IS 

oil  19  sa   0 

aBriiwn,E.  Point.    , 
JT.p<uit«nh&£.Pl. 
STiunook  ..... 

0    0    0 

laa   8  0 

-CipoBijidon. 

16  la 

o|iao  SB  t 

0  14  to 

OIB    0 

198     B     0 
111  90     0 

-  Ctpo  siulUIbwo 

18  19 

IS  4T 

oisa  10  0 
a^isa  7  4 

tM«»^ 

6  U    0 

III  SO     0 

-Sonogw     .    .    . 

IS  9s  solixa  H  B 

fSufbor.    .... 

4  48  t<^ 

191  IS     0 

Tico.uL>d, 

*Sr:.N.:nd  ;  ; 

0  49     0 

191  4S     0 

-  Port  3t.  JBioto 

IS  u 

0  181  48    0 

0  40     0 

III  SO     0 

4  10    0 

198  to    0 

-NorthPoint     .    . 

14  is 

0 184  M    4 

-South  Point     ,    . 

It  18 

0 194  10     0 

-PortSlTBuU      . 

0  St     0 
T  to     0 

111  14     0 
199  IS    0 

B.bayui'Mid^ 
-Cimtguia    .    .    . 

19     4 

0181   S8     0 

T  SI    0 

129  94     0 

-Fng..    .    .    .    . 

19     1 

OlSl  SI     9 

£- North  Point     .    . 

948    0 

1SS90     0 

z^X^:  : :  : 

ID  IS 

OIII    18     0 

|-8nrig«,,ViU.g.   . 

9  4T    0 

189  99     0 

19  aa 

0 isi  as   0 

i-C.pe3LAug«tin. 

«     4     0 

190  4B     0 

-  Chn>  Btbnru     . 

10  IT 

OUl  S4     0 

3  -  Sooth  Point     .    , 

S  >9    0 

199    T    0 

BuhMldutdi, 

|-HinduM.TD«n  . 

T  10    0 

194  19    0 

-  B>lintu>K    .    .    . 

-  BotuTdoont  .    . 

toss 

0  US  14    4 

g3«ngui  1.,  S.  Poinl 

S  SO     0 

199  41     0 

M  SI 

lom  11    a 

fHomsuwk  I.,  Poak    . 

e  IS   0 

lis  11     0 

-  Grmfton  .     .     .     . 

M  t4  aoll99     t     b1 

gSuDarlilaod, 

-  North  Buhe.  .    . 

11    0 

oiia    9  0 

-  CSt-EmiritoSinto  19  40     0 

199  18     0 

GBdd'l  RMf      .      .      . 

11  41 

9 lai  41    0 

134  IS     0 

Botsl  Tobogo  Xima  . 

11  49 

0191  M     0 

C«|t.ru»«  I..,  mid    .1  9  U    0 

111  31  10 

LiltloBotd.    .    .    . 

II  SO  tOjlSl  41     Ol 
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LATITUDES  and  LONGITUDES. 

(W)          PIUM. 

LacN. 

Lon.E. 

(60)      PUc«. 

Ut.N. 

Lon.E. 

Vd«  Reto  Rocki . 

M  48    0 

ISO  sa  0 

-South  and    .    . 

IS  IT     0 

114  10     0 

FonuNU  I.,  3,  Point 

HI  M     0 

ISO  It     0 

St.  Eaprit'a  Shoal . 

19  10    0 

lit  e  0 

—  Luna*  liland  . 

29  19  IS 

130  at    0 

Prataa,  N.  E.  end  . 

10  4T    e 

lie  SI  4s 

-  North  PoiDt      . 

SI  18     0 

121  S4     0 

-  N.W.  end    .    . 

10  4S     S 

lie  49  IB 

-N.W.  Poiat      .       43  11     0121     6     ff 
-N.E.  Point.     .     .'M   11     0 121  S6     0 

North  Shoal,  W.  end 

-  East  end       .     . 

IT     4  so 
IT     SlU 

III  ar   0 

III  S3  SO 

XVm.  Ubadi,  Boeki,  tnd  Sh>»]i,  ia  the 

-  Kutend      .    . 

l«»     0 
16  H     0 

IIS  13     0 
119  33     0 

CHINA  SEA. 

1     Woodr  Isliod  .     . 

16  30     0 

113  19     0 

*  for  th*  Iduda,  &c.  it  the  •ntranu  to  the 

Rockj  laland    .     . 

16  31     0 

13  30    0 

China  Sm.  ue  Colunmi  (IB)  ind  (S7). 

Lincoln  lalana  .    . 

10  41     0 

113  43    0 

PjraDiidRock.     . 

Irfonaj'.  liland      . 

i  Robert'.  liluid      . 

16  SI  IS 

16  28     0 
16  9t  SO 

113  ST  10 
11  39  SO 
111  S4  SO; 

PaloBnl.  .    .    . 

4  47     0 

lOS  ST     0 

P»loC.p«.    .    . 

S  IS     0 

101  14     0 

SP.tU«-.Ul«.d.     . 

16  SI  SO 

11  16     0 

Gimt  lUduiK  laluid 

101  as   0 

E  Obaarration  Bank . 

16  SO     0 

11  40  SO' 

Polo  Can    .    .    . 

8  39     0 

100  G6     0 

to  29  10 

II  41  S7 

Polo  Way     .     .     . 

9U     0 

lOS  35     0 

Got.  UuDcan->  Iilud 

16  28  40 

11  41     0 

PnloOby     .    .     . 

S  3S     0 

104  34     0 

Diacorery-a  Shoal. 

Brothen 

e  IS     0 

106     8     0 

--  Wait  end    .    .     . 

16  It     0 

11  SS  so 

Polo  Coodora,  mid.    . 

8  40     0 

100  4S    0 

-Eaatand.    .    .    . 

16  to     0 

111  46  SO 

PnloSapau.    .    . 
GtMtCatwiek.    . 

10     0     0 

109    S  SO 

Vadalore'i  Shoal, 

ID   e   0 

408  63     0 

-Waatend     .    ,    . 

16  IT  30 

111  S8  10 

RcTidBbhop'tSbod. 

9  40     0 

108  ai  SO 

-Eaatand.     .     .     . 
Bombar  8hoU  .    .    . 

16  19  SO 
16     0     0 

13    4  43 
113  IS    0 

Charlotta'a  Sh<^  '.     '. 

T  11     0 

107  S8     D 

Paaaoo  Keah  l.tand    . 

to    S    0 

II  4S    0 

PuloCeioerdBlWer  . 

Holluid'aBiink.S.iHid 

10  sa  so 

108  5S     D 

Triton  laland    .    . 

IS  46  40 

11  11  SO 

lOB  40     0 

" ^1 

Britto'aBank    .    .    . 
Miurra'*  Bank 

10  so  42 

107  40     0 
110  IB     0 

XIX.  The  CoMt  and  adjacent  lalanda  from 

Princ  of  WalM-Bank, 

CANTON  to  CAFE  NORTH. 

-  Sooth  Wwt  end    . 

-  North  Eut  end     . 

U     S     0 
8  IS     0 

110  34     0 
110  34    0 

u 

CiMTON.  Factory   .     . 
Macao,  Town  .    .    . 

23    7  10 

US  14    0 

8  G5     0 

112     0     0 

13  10  to 

US  13    0 

Eart  LoDdon  lUef     . 

8  48     0 

Ita  34     0 

GraodLadrone      .    . 

11  ST  10 

IIS  44    0 

Dhinlle-aShiMl     .    . 

9  SI     0 

iia  as   0 

Po-toa 

33     9     6 

It  sa  0 

St™,  North  Md  .     . 
Amboina  Shoal.    .    . 

8  S4     0 

T  S2  au 

119  ST    0 
119  30     0 

ChongChow     .     .     . 
Laff-^mmee,  Peak    . 

23  10  IS 

a    8  30 

US  4S  so 

US  48  40 

Swallow  Shoal  .    .    . 

T  as  so 

IIS  SS     0 

Lantao  or  Tj-ho, 
-  S.W.  Pofnt .    . 

RoTalCharlolta  Shoal 

US  S7  so 

13  13    0 

US  30     0 

Looiu-.  Shoal .     .     . 

eao   0 

113  18     0 

-N.E.  Point.    . 

21  31    0 

14     3  S3 

FiUnd(hip'iSh.N.*ad 
Sm  Hon*  BrMkera 

S  St     0 

lia  49     0 
113  28     0 

-  Highaat  P.U  . 
!.Chot  .... 

23  13  IS 
33     1     0 

US  34  13 
US  34  45 

InTMtJpilor'sN.W.Sh 
W..t«^IUef.    .    . 

0  JO     0 
10  13     0 

Ml     4     0 
111  41     0 

AaaeaEaraorKr-poong  31  34    0 
Grand  Uin.,N.£^  13     4  43 

114     1     0 
114  18  to 

Great  Rear.,  N.  and  . 

10     T     0 

lis  33     0 

Ua-ting.     .     .     . 

23     6     0 

South  lalaod     .    .    . 
North  Woit  laland 
North  Dang«       . 

10  4S     0 

11  0     0 

114  37     0 
lU  IB     0 

Hong-koDS  laland, 
-Tjt.mB«y,8.W.Pt 

29  19  to 

114  13  40 

11  29     0 

tl4«l     0 

Wajlui  laUnd .     . 

39  11  44 

114  IT  60 

Nine  Pin  Rock      . 

31  16  10 

14  31    a 

B   a    0 

114  IS    0 

Mira  Bar,  S.  E.  Point'33  37  IS 

114  to     0 

-EaitEnd      '.     '. 
HdmooiiShou',S.(nd 

8  10     0 

114  51     0 

Chueng-Chow  .    .      '33  Si    0 

114  40  13  1 

8     0     0 

IIS  as   D 

Toonea-Ang      .    .    .'33  38  10 

114  S8     0 

S  S4  so 

US  IS  so 

Mandoia  labnd     .     .I31  SI  33 

114  30  43 

RojalCaptain'aShoat 

0     9  34 

lie  43  43 

Fohay  Point      .     .     JlS  SS     0 

114  51     0 

Banbar'a  Sboal    . 

937     0 

lie  SS   0 

Pedro  Branco   .    .    .^  19  ID 
Sha-long-low    .     .     jaa  19  SO 

IB     7  4S 

InreaUntor'aN.ESh 

9  IS     0 

ite  10    0 

13  S3  SO 

SaaHoiMBaok    .     . 

10  SI     0 

117  33  so 

Teng-meo     .     .     .     .|a8  43     0 

116  GO     0 

IS   e   0 

117  48  SO 

Cnp-chee-aan   ,     .     .38  49  *0 

lie     T  SO 

Kack  Mount    .    .    .'39  tS  SO 

no  II  0 

-  North  and   .    .    . 

10  19    0 

114  S«     0 

Btaaker  Point  .     .     .'33  S«  43 

116  11   to 
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Cip*  of  Good  Hop* 

NunMl>lud,W.Ft. 

N.E.Poin(. 


JAboj  Uirboar. 
■«  -  Caw-elut  Rock 

Chia-ob«*r  Bit,  ibt. 
^Lui-T>t  1*.,  9.  ([id  .  1 
aTiug-HaTHsriKiuT  .1 
j(jBi.HnI*.,8.E.*Ddl 
■  Chi.'>«n.  Ciqr.ibout.- 
CNiDgM,  CitT    .    .    . 

STduD-MD  lliudl.       . 

'3  Yuc-tM-kiuK-fao    4** 

Nahuh It 

Wbuf-ho  Hi*ar,«ntr.  14 
Skw-luiuPraawoton 

—  Eut  Point  .    . 

—  Boalli  Point  . 
C.  Zu*-oo-ta» .  . 
Miitta  Uludi, 

—  TduMMU  .  . 
Kau-Su  Iiludl  . 
Pai-bo  IliTor,  «iitr. 
PuiK.  Dbl.  .  .  . 
Gulf  of  LwtonK, 

—  S.E.ar(;hutotto'i 
Point,  aboat,    .    . 

Baiil  HiU'a  laUoda, 
-N.W.and    .    . 
CUfford'i  li.,  middla 
Cmm,  Btail'a  Capa 

—  S.W.  Point .     . 

—  Cape  ProTidaBoa 


UlN.     Lob.£.       (es)     Plaoai. 


a  sans  ii 

(     o'lIB  4i 
»  IfijllO  I 


I    0  IM  1 

I   a,in  I 

■>  oi»  ] 

I  40,118  4 
I     O.IM 


81.  PaiN  «Dd  St.  Paal  »    «  «7  L 


JTaebukotdiai  N«M  , 
EaMCapo  .  .  .  . 
CapeNortli       .     .     . 


-  FortZMland    .    .^ 
'  North  Woat  Point  t 

—  North  Point     .    , 

—  North  Eaat  Point . 
PateadorM  lalanda, 

—  PahoaltUsd    . 
..      VaURaURock    .    . 

0      Gadd'a  Raaf    .     .     , 

Botol  Tob^o  Zi«a    . 

0      9iiDo  Sana  .... 


1  U    <  IM  U  I 
1  U  M  IM  4t  M 

5  IM  « 


I.Tr«I> 
tfijhP 


.  U  I 


[isli  Paded  lalukd  . 
Qoalpirtl.,  N.E.  Pt.1)  ■ 

—  Senth  Point     .    .  I] 
Taat-aima  I..  N.  Pt,  .|t1 

—  Sooth  Poiat 
Calaat'a  Idand 
Coroa,  Port  Choaaa  . 

.  —  Capa  Clooard  . 

gDagalMl.,  N.E-Pt.  I 
~  Af^ant'a  lalaad .     ** 
Taisa/Baj.    .    . 
SaSna  hty.    .    , 
CipaLaaaepa  .     , 
Caatriaa  Ba^    .    . 
Vujou  Pout .    . 
Rsnber;  Capa 
Jonat  1.,  Paak.  about  i< 


Hadjiooaamah  la., 
—  Soutbannaat  . 
WHtamnoat    . 


iuBU  lilai 


Gtaat  Loo-ohoo  I., 
—  North  Point     . 


Sulphur  Illand  . 
Crown  lalind  .  , 
Harbour  laiand  , 
Bonplow  Island  . 
Pinnaclali.. 


0|    KltuoD  lalind, 
0      —  Capo  Noma       .     . 
Nanguahi,  Citj    . 


■  isa  1 
•  i» : 

DIM  I 
«IM  I 

ttur 

IIB  . 


—  Cap*  Saiuota  . 
-N.W.  Point    . 

—  Kokonra,  Town 
i  —  North  Point 

.  ^—  North  Eaat  Point 
0  J  —  Capa  Boonvo  . 
M  V-  Cape  Tachirikor 

—  Cape  Cochrtna 
.  ^  -  Capa  Danrilla  . 

I  IS  2  -  Cap*  Nanaff  .    . 

—  CTachibohagoff. 
--  Homar'a  Paak  . 

--  Kap)  Sime,  Town 

—  Capa  Tchaaota 

—  Cape  Kagul 
Tanaga-aiiiu  I ,  N.Pt  M 
JakoBO-aina  I,  i  ■ '    "- 
Volcano  laiand 
St.  Clair  laiand 
Nadijda  Hock  ■ 


kl     0  lis  IS 

~     OlM  SI  U 
S  Itl  41 
~  lU  M     I 
131  11     I 

m  as  i 
i»  as  < 

0  in  SI  I 

1»  4*     < 

Oils  M    < 

4  IS   0  in   s  I 
otn   eM 

8  II  M  1ST  U  H 

-  -  0  m  M  I 


DtSB  49  M 

UM  SS     t 

re 
oiio  u  « 

IM  4« 


lit  I 


111  4S    0 

0  III  ST     0 
III  ST 

eisi  11 
s  lu  »e  w 

10  ISO  M     ' 
0  1U  u 
OIU    s 

10  110   r 
[II    • 

IM  U 

41     MIM  IS  44 

■■  "  IM  •4  IS 

■MSI 
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LATITUDES  ani>  LONGITUDES. 

(«)        PlUM. 

Lat.N. 

Lon.£. 

(TO)      PlaoM. 

LaLN. 

LoikE. 

■    '      ' 

■      '    ' 

CapeSpanbarg      .    . 

44  IB    0 

115     0     0 

-  Soath  Wnt  rad   . 

11  U     0 

130  40     0 

^jCa^sSy.  ...    . 

IS  It  IS 

111  St     0 

-  Nortfa  Eat  BDd     . 

11  40     0 

ISOGl     0 

^CapeShiahkoff     .    . 

11  IS  so 

141  34  SO 

AmmEui  .... 

IS     9  10 

138  H  SO 

11  30     0 

141  IT     0 

Ootto  UUDdi. 

Ic.NoToiilioff,  Peak, 
i  C.  Kontoiuoff,  Peak 
ICapeSineke     .    .    . 

11  11  15 

111  18  10 

-  Cip.  Gotw,  a,  PL 

I9  1S     D 

118  41     0 

11  14  lolllO  U  10 

-NoitbMd     .      .      . 

HMD 

ISO  10     0 

19  18    0ll4O    1     0 

Rnodolilud.  Port 

11  19     0 

ISO  SO     0 

11  SO  10  ISO  54  IS 

YUIduta   .... 

»  se  0 

130  48     0 

41  11    0 

140    4    0 

Tfu-nnu  I.,  N.  Pt . 

U  40  10 

119  19  SO 

11  3S  10 

140    0  10 

-Sooth Point     .    . 

U    «  10 

119  15     0 

Sikok*  IiUnd, 

Kodmalaluid      .    . 

11  11  10 

119  40     0 

-  Cp.  Ymbr  .    . 

S4  10     0 

ISS  IT     0 

Otim.  laland    .    .    . 

41  11  SO 

IIB  IB  IS 

-CpoMiwki    .    . 

U  18    0 

Its  IT     0 

Ohonldand    .    .    . 

41     0     0 

isa  so   0 

-  Cape  Tom  .    .    . 

■1  SS     0 

1»  IT     0 

Pu  d«  Un^a  .    .    . 

4t  11     0 

141  19  H 

■18     0 

IS!  11     0 

-N.K.i'dBt.    .    . 

-C>p«Ara    .    .    . 

*1  S»     D 

IIS     0     0 

4»  IT  IS 

111     4     0 

Niphon  lalud. 

Honnartn  I.,  H.  nod 

4a  IS  0 

141  IS     0 

MOO 

131  10     0 

-F.Bld      .... 

U  it     0 

tSl  IS     0 

CapeCriUoD    .     .    . 

45  51  15 

141  58     6 

-  Famada  .... 

U  13     0 

113  IS     0 

I>«iB.roiia  Rook  .    . 

45  4T  IB 

119     B  IS 

-C.p.It«m-o.    . 

U  41     0 

113  St     0 

Salmon  Bar     .    .    . 

40  '41  is'lll  SS     0 

_,-Tootori    .... 
j-PeintTai^     .    . 
f-C.p.«oto.    .    . 

IS  M    0 

114  IT     0 

CapaAniTB      .    .    , 

40     8  SOUS  SO  30 

IS  S3     0 

ISS  19     0 

CpeLowanom    .    . 

40  3S  10141  10     0 

IT  U     0 

IIT  SO     0 

CapeTonan      .    ,    . 

10  SO     0141  St     0 

T*  -  Cap*  Y.uion  .    , 
*-  Roaa.  PrcmiooloiT 
3  -  Cap.  Gamala. .    . 
|-C.p.G»iB      .    . 
4-CipeSaiinr     .    . 

IT  17     0 

iir  SO    0 

^CapoDalrympla   .     .  It)  If     oil  IS  SO     0 

10  SO     0 

ISO  14     0 

5Cap9  Patienea      .     . 

la  SO  0  lit  SI   0 

10  IT     0 

ISO  49     0 

IB  SI    0  144  «  IB 

41     9  16 

110     fl     0 

1  Downa  Point    .     .     . 

41  le  10 

110  14     0 

SI     0  30 

14S  U    0 

-  North  Point     .    . 

11  11  40 

110  SO     0 

51  SS     0 

■It  H    0 

-  N.  E.  Point,  or 

:^Cap«Klokatcbiff  .     . 

BS  40     0 

14S     T     0 

Cap.  Kami™      . 

11  31    0 

141  It  10 

14S  11  SO 

-POTtNmbn     .    . 

19  48    0 

143  M     0 

141  40  SO 

-CapaGon  .    . 

IS  to    0 

141  St     0 

Cape  Mana      .    ,    .(l  IT  80 

111  IT  4B 

-C^wBtant.    .    . 

U  IS     0 

110  4U     0 

Nadiejeda  Ba;     .      Is4  10  IS 
Ctp.6olowaUcbeff.>SII0IE 

141  ST>14 

-jXo.t<^  ;  : 

M  S4    0 

140  IB     0 

141  sa    0 

IS  40     0 

110  SO     0 

Boutin  Point    .    .    .Isi  SS    o 

141  54    0 

-  C^  Yaon  .    .    . 

U  43    0 

ISO     1     0 

Maftiniera  Peak    .    .'50  IS    0 

143  IS    0 

-CapnTootomj'. 

14  43     0 

138  14     0 

Monw.  PeJt  .    .    .49  10    0 
BaylJ'Ealung     .    .48  80  16 

US  15     0 

-CaHSimi  .    . 

11  SI     0 

l)T  18     0 

113    3    0 

-  Sonth  Point      .    . 

U  SS     0 

115  IT     0 

B.J  Da  Luigle     .    J4T  44    D 

141  18    0 

U     1     0 

131  SO     0 

0kg  latand.  N.  Point 

10  so    0 

ISS  IT     0 

Kounaihividuid, 

Jootai-aiiiu  Iiland     . 

IT  S]     0 

ISO  GO     0 

—  Traitor'a  Bar   . 

-  North  Eaat  Point 

It  44    0 

148  It    0 

Sado  liUnd,  N.  Pt.   . 

10     4     0 

1S8  30     0 

11  SS  15 

140    B    0 

-Sooth  Point      .     . 

less  0 

ise  14    0 

Itotmmp  laland, 

Viifm  laland,  Volcano 

U  40     0 

ISO  19     0 

.  —  Cape  Ricord     . 

14  9S     0 

IJA  14      0 

BnAm  laland  .    .    . 

«1  11     0 

ISO  IT     0 

-i  -  Cape  da  Vrira  .     JlS  IT     oIllO     1     0 

Vnlcu.  laland  .    .    . 

S4     S     D 

ISO  S4     0 

l-N.'i.  Point     . 

IS  S8  to  149  14     0 

PrinwaWuid.    .    . 

SS  48     0 

IS9  SO     0 

SOuronp  laland. 

U  11    0 

ISO  13     0 

^  -  Sooth  Weat  Point 

15  to    0  UB  11    0 

Tatdiio  laland      .    . 

SI     0     0 

110     0     D 

i  -  North  EMt  Point 

40  10    OlEO  SS    0 

^Sontli  laland    .    .    . 

II  so    0 

UD     S     0 

fl  North  Torpoj  laland 

40  11  4S;iS0  IT  ID 

fCap.  &;^   .    .    , 

a  Sooth  Torpoy  laland 

10  SO  IS'150  It  10 

11  40  10 

111  80     0 

IS  41  sol  ISO  18  to 

iPortEddraio     .     .     , 

tl  10  to 

111     T  10 

10  51     0151  IT     0 

feCq>aEroM>       .     .     . 

11  t9     0 

111  SO     0 

-  N.  W.  Point    . 

IT  11     OISI  SS     0 

»BaT  of  Good  Hopt, 
i  -Wert  Point  .    .    . 

KatOT  laland,  S.Poinl'4T  IT  lOllOl  »    0 

^S     fl     • 

144  13     0 

Uahiabir  I.,  S.  Point  \*1  SI  40llsa  IS  10 

^  Adda  Bar,  antr.    .    . 

U  30     0 

lU  19     0 

RuI..D  laland  .     .     - 

l4T  IT     0 

119  SS   a 
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(II)         PlMW. 

Ut.N. 

LOI1.E. 

(TS>     PUoM. 

L4t.S. 

Lmi.E. 

18  la  M 

ISI  IB     0 

FuoHai  Iiludi. 

*       '     ' 

■     -    * 

Lm  EmbuclMi.  3.  aod 

18  >a    0 

151  44     0 

^-  Gi«tl.,  N.  iBd  - 

|-TheSiit.t>.N..iid 

19  43  BO 

147  SI  to 

^TchirinkoUnUlmnd 

18  4t    0 

151  24     0 

19  18     0 

117  SS     0 

-3  Ekimi  liluid  .    .     . 

^SbiriokT  lilutd      .     . 
■3  Ponanoaolur  Iilukd 

18  S2     U 

154     B     0 

S  -  Bsbll  Ii„  S.  ind 

S9  60     0 

US  17     0 

19     0     0 

lil     8     0 

?-C.p«B™n    .    . 

to  SS  15 

118  25  46 

19    8     0 

154  S9     0 

3-CWfc«-iI,S.Pt. 

10  SS     0 

118     9  SO 

40  19     0 

tS4  44     0 

1  -  CiM  Frmnklin  .    . 
Buki^Stnit.  mid.    . 

10  SI     0 

148     0     0 

49  51     0 

IS4  »     0 

10  S8     0 

I4S     8     • 

10  10     0 

IS4  SB     0 

C>»Otinr     .    .    . 

Port  Philip, 

18  64     0 

143  to     0 

^-&.V/.P«k.    .'  . 

to  IS    0 

IBS  IS     0 

so  40     0 

I50H     0 

144  SB     0 

AUidliUDd     .    . 

SO  ii     0 

ISt  S9     0 

W^tMnPoSr 

-  Cipo  Schiuk    .    . 

S8  SO     0 

144  St     0 

XX.  TIm  CoMtt  ofTASMAMA  or  VAN 

For.  h»  lie  E. 

-  Point  Grant      .     , 

R«.He«l  .    .    .    . 

DIEMEN'3  LAND,  ud  of  AUSTRA- 

18 SO     0 

I4S    a   0 

LIA  M  TEERA   AUSTKAUS,   with 
Um  idjMnit  Uludi. 

18  61     0 
10  11     0 
17  18     0 

I4S  64  so 

14B  31     0 
140  41     0 

C.p.How.      .    .    . 
Twofold  B.y. 

17  SO     0 

ISO     7     0 

South 

Eut 

WMlP<MDt.     .     .      . 

11     I  M 

144  3H     0 

-  Sauf CoT»  .    .     , 

ST     4     0 

ISO     4     0 

Mtrani  Nc^alk     .     . 

11  11     0 

144  SS  SO 

Cpe  DrotnodiTj  .     . 

16  18     U 

150   11     0 

Huquiri*  Huboor. 

C.^G«rB.V.    - 

IS     »     0 

ISO  56     0 

-  C>pi  SoreU      .    . 

13  10  4.1 

lis   16  SO 

Jorrii  B.r, 

-  BowoD^i  lilind 

Entnnc*  lilud     .     . 

11  11  IT 

145   19  SB 

SS     0     0 

ISO  SS     0 

Point  Hibbi     .    .    . 

la  19     0 

Hi  ao    0 

Rod  Point  .    .     .    . 

14  so     0 

151     a    0 

RMkT  Point    .    .    . 
Port  birsj. 

IS     0  10 

IIS  as   0 

-P^fntS^iindir 

M     0  4S 

ISl  IS  to 

-  Prn»id.I  Roik   . 
So<u£  W«M  C«N> .    . 

»  SI     0 

145  S9     0 

Port  Jukion, 

IS  SO     0 

140  12     0 

^  -  L>El>tho<>»  .    .    . 

tS  SI   11 

ISl   IS  45 

■dSoBthCip.    T.    . 
iHiwiIone    .... 
■jPodnBluici   .    .    . 

It  SB     0 

lie  so    0 

5  Fw.  8-  42-  E. 

S- Sidney    .    .    .    . 
CP«r.ni.tU.  obi.     .     , 

IS  40     0 

140  SI  ID 

»  SO  40 

ISI  14     0 

It  SO  SO 

I4T     I     0 

IS  IB  SO 

ISl      1  SI 

■jBurickBock    .    .    . 

14     0     0 

14T  4S     0 

S  Broken  Bit,  S.  He«9 

11  S4     0 

ISI  SI     0 

^PonHanliir,  «Dtr. 

12  50     0 

ISl  4S  15 

J-ObMTTiton  Point 

11  n  17 

IIT     t  10 

gCpoStepheol       .     . 

IS  17  SS 

153  |]  40 

^rt.l'tVE, 

^Cmpe  lUwke     .     .     . 
^Porl  MicQaarie,  ontr. 

12  IS  10 

isa  U    0 

BTwDin-l  Hiid     .    . 

11  ti  to 

I4T  as    0 

11  SS  U' 

Its  S7  35 

fe-!°Spi']SiouI      .    . 

Far.  10°  11' £. 

»  IS     0 

IIT  B4     0 

SmokjCmpo      ,     .     . 

10  SS  40 

■5t     4  SO 

.3Hol»rtTo«i>, 

Sboil  B.;,  mtr.    . 

»  to  15 

151  tS    0 

1- FortMulgraro.    . 

»  SI  ts 

I4T  IS     0 

C.«  Byron      .    , 
Point  DiogM  .     . 

28S8  10 

ISS  17  30 

ic.p.PiU«       .    , 

11  11  40 

148     0     0 

»     7     0 

IBS  IS    0 

2C.  FridaiikBindrU 

12  SI  SO 

148     4     0 

Poinl  Lookout  .     . 

27  S7     0 

ISS  11     0 

Mirii  liUnd.  S.  Pi. 

la  46     0 

148     0     0 

BriihuB  River      . 

17  3S      0 

ISt     S     0 

Sehoutml.,  N.  Ft. 

13  10     0 

118  2S     0 

Cips  Moretoo  .     . 

27      I     0 

ISS  36  » 

Sl  Pitiidi'i  Held 

11  S8     D 

118  31     0 

Double  Idind  Poinl 

2S  S5     0 

I5S  14     0 

SiruiUltiia>.  lugeat 

Indiun  Held     .     . 

151  31     0 

CipePortluid.    . 

10  44     0 

xtr  so  10 

SindyCp.      .     . 

M  43     0 

ISS  16    0 

-  Lowuuf; . 

11     1  SO 

140  4T  10 

Port  Curtii. 

-  Gitcombe  HomI 

a  SS  so 

ISl  St    0 

Fir.  8'  SO-  E. 

Capi  Cipricom     . 

IS  SB  so 

ISt   IS     0 

Cp.  Glim  .    .    .    . 

10  44    0 

144  41     0 

KrnX'd.:  • 

-  l^Hi.  N.  eod 

IS  S7     0 

ISI     4    0 

^HuntM'i'wLid^ 

i  -.  AlbltlM'  lilud     . 

iKins-ililtnd,  N.  Pt. 

«- South  Point     .     . 

SI     8     0 

ISO  ST     0 

10  35     0 

114  ID  10 

Ctpe  Almifold       . 

a  43  D 

ISO  49    0 

J9  M  SO 

141  SS     0 

PortBowen       .     . 

tS  38  18 

ISO  45  SO 

10     T  IS 

141  33  S 

HnrMT'i  Iilandi  . 
Cpo  lowniLind  .    . 
ThUly  Sound, 

23  84  10 

ISO  44     0 

llSir  K.  Cuttii'i  btud 
igKiBfi  Group.  E.  end 

19  10     0 

UQ  41     D 

13  IS  SO 

ISO  »    0 

J9  29     0 

147  19     0 

PTnmidRock.    .    . 

JO  S2  10 

117  11  SO 

-  Pier  H«.d    .     .     . 

IS     OSS 

ItO    «  10 
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(TS)         PlKM. 

Lat.  S. 

Un.  E. 

(74)      PiKaa.            |  ULS.    |   Loo.  E.  || 

P«cy  Wud..  N.«d 

»  »    '^ 

ISO  IS     0 

HawkMbory  Itl«»l 

10  31     OIIS     S     0 

tl  3T    0 

140  38     0 

~Sp«icar'aIaland   . 

10  18  SOUS     4  SO 

Cp.  Hibboroagh      . 

20  SS  40 

149     0  15 

E  Mount  Eamast      . 

10  14  SO  143  IS     0 

SiTj.Smith-iUroav. 

%  Bank-a  laland, 

-  Unni  P«k       .  '. 

30  40  SO 

119     9  10 

-  _  Mount  AuniltU 
n  —Nortli  Eaat  Point 

10  11  30  143  14  to 

Sb.»-.pNk     .     .     . 

30  28     0 

119     3  65 

PenticMt  lilind    .    . 

30  as  10 

148  69  SO 

10     4     0143     B     0 

lUpnU*  B.7. 

JarrU-a  laUnd.  mid. 

«  17    OJIU    7    0 

-  Cpe  Coniny  ,    . 

M  la  0 

148  51     0 

GlouoeM«  I.,  N.  iDd 

10  S7  31 

118  2S  S8 

DoytboDTpoiBt  . 

IS  H    0 141  ST    0 

Cape  GloDcMtei  .    . 

10     1  60 

14S  36  IS 

Para  Head  .    .    . 

13  S8  10  111  17    0 

CipdUpiurt    .    . 

19  41  SO 

147  41  10 

Capa  Kaerwaer     .     .]ll  BT     0:141  SO     oll 

Capa  BDwIior  Grmn 

19  10  10 

147  23     0 

Sireer'a  bland       .     .17     8  IS  ISO  44  19  1 

C^»CI«T.luid       .       . 

10  10  10 

110  67  St, 

Allen'al.,  S.  E.  endJlT    t    o'lSO  U    oil 

Mount  ElUot     .     .     . 

10  SS  10 

NO  64  >5 

Wellaaleya  lajuida. 

MtgniticlRluid.iiiid. 

19     T  10 

146  40     (1 

_  Bountifijl  laland 

16  41     0119  S9    0 

P>lm  I*land.  mid.      . 

U  4S     S 

146  SS  15 

-Momington  Island 

Point  HillodE  .     .     . 

18  SS     0 

146  30     0 

16  S3  .  OISO  40  10 

Moaoi  HiBobiabiMk 

16  31  SO 

140  15     0 

Sit  Ed.  Palle*'.  I.., 
-  Capa  Vandarljn 
-CapePellaw    . 

S.GIO0M  1..  S.  W.  Pt. 
5-  Sonib  Eaat  Point 

SDThU  Point  .    . 

18  1)  SO 

146  16  4<. 

IS  M  So'llT  11  SO 

IT  19  SO 

140     6     0 

IS  lO  SOjllT     S     0 

tni«oyi..a  w.«id 

16  SS  31 

I4S  SO  31 

14  SO     D,I3t  ST  SO 

jC^Gnfton    .     .     . 

16  SI  20 

US  SJ     5 

14  IS     0  US  3D     0 

Vs^X..^.: 

10  IT  SS 

lis  37  40 

14  IT     OjlST     7  10 

IS  37     4 

-  Mortt  Point     . 

IS  ST     0 136  SO     0 

aC«pa  Badford  .     . 

IS  16  IS 

US  IT  19 

-Central  Hill      .     .llS  66  4S,1U  46  SO 

ftC.  Fl.lt«iy,  mmmit  .'U  S3  SO 

145   16  10 

BidMrton'a  1.  auinmitlS  44  40  ISO  I»  IS 

LiMTd  Iriuid.rommit'lJ  40  ao 

US  3S     <l 

CapaSbield     .    .    .IS  19  46116  18    0 

C™  Bowsn.  P«k    .14  SI  SO 

U4  SS  40 

Cape  Gray  ....  11     1    0  116  47    0 

Point  BiTTDw   ,     .     .'ll  31     0 

lit  31  SO 

MountCalodon     .    .13  S3  3o!ll6  ST  40 

C.p»  M.lTiU«  .     .     .I|4     g  SO 

U4  21  SO 

Cip.  FUnden  .    . 

U     8     U 

Ul  10  20 

MouatAIeiuider.     .;l!WO     0116  48     0 

Cluk'i  lilmd  .    .    . 

14     4  ii 

111  11  l-i 

CptSidmcmtb      .     . 

IS  34  20 

lis  BO     U 

CipaAmbeim.     ,     ,|)  18     O^IST     S     0 

Nigbt  liluid.  14.  and 

IS     8     0 

I4S  2tt  40 

Melrille'a  lalanda,      1                1 

13  SI  SO 

US  37     0 

j  ~  GiMt  I.,  8.  end    Jl3    8  10  1S6  SB    0 

Cp.  W,™(™tl>  .    . 

12  sr  IS 

US  30  l.-> 

-SM.InlleBay,               1 

Fu^rCpe    .... 

13  SS     0 

US   11   15 

^  -  Point  I>unda*   .     JlS  IS     01S6  46     0 

CipcGnDTillB     .    .11  sr  Ju 

113     B     0 

Quoin  I,Und          .     .|1S84     0 

IIS  S3  SO 

|AniheimBay,entr.    .13     3     0 1S6     9     0 

PorW'.Utud      .     .lis  IS  15 

143  18  SO 

^Cunninghanr-aJaUnd, 

S-Souttand    .     ,       1141     o!lt6  14     0 

SirCb   H«dT'lI..    .jll  IS  20 
Bird  la.,  N.  E.  and    .In  44  16 

US  S3  40 

143  58  45 

£  Point  Dale.     .     . 

II  S6     0116     0     0 

143  43  SS 

Weaiel'i  lalandi, 

CiimcTOM  1.,  mid.    .Ill  IS  SO 
Tunis  hlond    .    .    .10  SI    0 

143  60  IS 

113  SB  40 

-  Capa  WNtaU  . 

10  60  16 1*6  46  SO 

Ani«ny  Wuidi,  PMkjlO  4S  46 

113  SS    e 

Cape  Stewart    .    . 

II  SO     0134  48     0 

Lirarpool  KiTer, 

York  Iiluda, 

-  Entrance  lalind 

11  ST     0114  14  SO 

—  Mount  Adolphoi  .'id  18  SO 

113  S6  35 

Point  Braithnila 

11  4t  SO.ISS  U  SO 

Cap,  Yott   .     .     .     .[10  43  40 

113  38  60 

Gonlbuiu'a  IiUnda, 

1 

EndeiTour  Strait. 

■i  -  North  Eaat  end 

11  M    OISS  M    0 

^  -  PoNeuion  Iilandi  10  44    0 
|Pri«aofWdM-.I...| 

143  30     0 

ECapeCoekbum      .     .Ill  IB     0 1S3  SI     sll 

ICrokor-al..  N.  PL 

10  68  30  133  S4  loll 

143  IS     0 

S  Point  Smith     .     . 

11     6  4S 

1S3  IS  SO 

S  -  Cap.  CoTOwaU       .10  46  4S 

i-WadneadayUand, 

^     North  Point      .    Jlo  10  to 

143     8  SO 

ISaS^Rin^a.  ' 
-  Field  laluid.  mid. 

11   19  SO 

Ul  46  SO 

142  IS     0 

„.. 

US  U  10 

WallU'a  Wuid,  »id.  10  sr    0 

113     0     0 

Malvilla  laland, 

Booby  Iidand,  mid.    .  10  S6     0 

Ul  S3  50 

-  Cqw  Gambiar . 

UK  » 

ISOU    0 

Alarta  Sho.l     .    .    .   9  s«    0 

140  60     D 

-  Cape  Keith      . 

11  as   0 

ISl  38     0 

Wastlaluid     .    .    .10  31     0 

141  SO  SO 

-  Cape  naominji 

1,1.   . 

Ul  33    0 
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(T!)      PbM.. 

ULS. 

LobE. 

(TO)       PUo... 

Ut.8.    1    Uo.E.|; 

Molnttolihad. 

.      •      , 

>      1    t 

L«SMdT«  I..  N.W.  Ft  M  18  4t|llS  40    • 

-CiptVnlNnMQ 
-  Port  Caokbun. 

II     B  It 

isoaetg 

^£;tsr'-r    1      1 

Fort  DandM     . 

11  U    0 

110  04     0 

Cowtw.TH*«l 
-EndMb7L,8.W.Ft. 

to  89     S^le  SB  u 

BMbnntliUad, 

M  IB  9S  lis  tt     t 

-Nonli  Point     .    .11  IS    » 

ISO  IS    0 

80  9T  SOIIH  31     0 

-  Port  Hopd.  «.lr.    .11  »19 

ISO  11     0 

CipaPrarton   .    . 

»  4S  4t  IM     S     0 

Pttu^'.  B.r, 

II  (1     0 

ISO    0    0 

Trwonilla  1.,  £.  oad 
Bunw'i  IiUnd, 

»  88     0  Ila  9B     0 

-C™On«.     . 

IS  SI  40 

ISO  M    0 

-  Cap*  Dnpny    . 

80  40     0 IIB  19     0 

P«7.  UUxU,  pMk 

11   e  to 

ISO    1  80 

—  ClM  PtriTTB 

90  08    O'llfi    g    • 

C^mFotd   .    .    . 

1>  «4  U 

laosi  10 

lUto^iIU«f.     .      >80IT40;il4  4a     oll 

Pert  KMta, 

Exmoalh  Gnlf.             1 

-N.W.Cp.     .    >  4T40III     8  40 

-  Tna  Point  .    . 

II  SS  M 

its  31     D 

C».H.7    .    .    . 

U     1  10 

lao  87  so 

Point  CloatM  .    .    .'81  U    B  lit  8f    0 

P^tP^    .    . 

14  14  M 

180  IT  It 

Cp.  Farqnbu     ,     '88  U    e'lU  SB  tS 
CapaCuHor     .    .    M    OS0luai48 

Cnbridp  Oolf. 

-LMR>«*I.,W.and 

14  41    0 

ISS  IB    0 

Shirk-.  Bay. 

-C.p«De™tt    . 

14  47     0 

lie  83    0 

-  Fonn  L,  mid.  .    JtS  4)    0114    S    0 

s5-ii3:£r; 

14  4S     0 

188     B     0 

IS  44     D 

IM  tl  BO 

-  Ca»  HniiiMl     '>B  BT    oIllS  IS    t\ 

Joom'i  IiUml  .    .     . 

IS  44     « 

IBS  IS     0 

-  C.  BeUifin    .    . 

IB  BT     0  lit  IB     all 

Trm^Iob-i  Idiad    . 

IS  44  10 

IM  n  IB 

BamiM  Iiland, 

CnudI  iXid.  mid.  . 

IS  at    0 

tSBt     t 

IM    «    0 
18141    0 

-CipaRonnrd  . 
Dorro  laland. 

■I4S     0 

lit    T    0 

Adounhr  Oulf. 
-C».Vall>Jn,HiU 
riPMtfrimDdoT. 

-  C.  Bt.  Cr«aa  . 

HIS     0 

lis     0    0 

14  14  SO 

IIS  40  IS 

NatunliMa'l  CbamMtSB  >S    0 

119  ST    0 

^DiAHaitae-alaUnd, 

1  -  Chmtd  HMd . 
iHoBtatint  IiUndi, 

14  n  0 

lists  SO 

i-C.prnScription.Mtt«. 
iHoutoun'*  Ab^Uioa, 

119  U    0 

a-N.K.««l    .    .    . 

14  11  40 

18B  10  SO 

B  -  Sonti  Eut  part     .,18  BS     0I1S47     • 
aCpeUachanault.    .^11    Oils  to    • 
^SwuRiTei.  cntnoMSa    4  SI  IIB  46  a 
"^Rottnaat  I.,  N.  E.  Fu'Sl  BO  SO  IIB  SI  It 

BHu«tI.UnU,N.*nd 
^yoitaoodd. 

14  n  IS 

184  SO  40 

PortRiUon. 

14  45  » 

18B     0  8G 

K«r.4'S0'W.       . 

SglSCL: 

la   «ie 

lit    0  4a 

CapePnon.    .    .    .'Sl  IB    OIIS  48    0 

It  0  so 

114  S8  40 

Cap*  BooTard  .    .    .'SI  »    0  IIB  S8    0 

^iMi^-. 

Capa  Nitnralirta  .    .'SS  87  SO  114  tt  SS 

ItlSU 

I8i     4     0 

CapaLawiwin.    .    MM    o  MB     T    0 

Port  Goorn  IV., 

Low  Black  Point  .    .34  8B    0  1  IBM    0 

19  14  40 

114  41  »t 

-P<nntAdi«o     ,    . 

IS  14  10 

114  14  4a 

WbiW  Topped  RooU  SB    3    0110  IS    0 
CapaChatbao,  RookaSS     3     0110  »    0 

lUd  Iilind  .... 

It  11  It 

ISt  IB  4S 

CookeU'i  mudi  .    . 

11  48     0 

114     4     0 

Point  Hilliar     .     .       SB     4     o'llT     0     D 

&'S!'r.-.:JT-: 

IS  tr  0 

ISS  41     (1 

Wait  c™  How*  . 
Eolipa*  U.,  S.  *Ml 

IB     B  lOlir  40     0 

IS   sst 

m  18  u 

IB  13   our  S9  0 

Point  Cbmii^um    . 

10  W  10 
l«  91  BO 

lis  10    0 

iiaso  *B 

■^•ss-'-"' 

SB     S  IS  IIB     0  45 

C.peBorf..    .    . 

l«i«     0 

111  4S     0 

HoantGudnr     . 

SB     0  SOIIB  10     0 

10  4B40 

1«     T80 

Bdd  I..  3.  E.  Point 

84  SB     Oils  99     0 

BiIh'im  Bulk,  Bid. 

10  4«     0 

lai  BO  10 

Hani  off  Rack.    . 

14  43     0 IIB  to     • 

Cum  BukflrriUo  . 

IT  10     0 

las  10   D 

Capa  Knob  .     .     . 

14  II     0  110  14     0 

Polot  Coolomb      . 

17  ai   0 

1st  11     0 

Donbtftil  IiUoda  . 

34  It     D 119  tS     « 

IT  IS     • 

189  14    0 

Saal'i  laUnd    .    . 

34     B     0  ISO  M    « 

Point  OuthMtmo     . 

ir  tt   0 

laa  11   0 

C.p.Vill««l  .    .    . 
C.i.taaoh.Tr.rill« 

IB  10  IS 

lai   s  4s 

i^SuTi-^ai'SSIll 

ISM     0 

191  to  M 

CipoBoMnt     .    .    . 

IB  44     0 

111  41     0 

LuekTBaT,  a.E.Pt.'84    0  90  ISt  14  nil 

C.«J.ub.rt    .    .    . 
fitdimt  Uluid  .    .    . 

18  SI     0 

181  S«    0 

Monkainl,S.W.Pt<34  10  SO 

lit  It   •! 

10  »     0 

lis  sa   B 

191  BS   eg 

Cape  Lunbert  .     .     . 

W  S4  SO 

UT     T     0 

Twin  Boeka  '  .    .    .14  94    0 

119  II  lo| 
Itt  4T    Ol 

w  a*  SI 

tlT     1  tl 

TwinFa.k..S.W.«rf54    1    0 
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L«.8. 

Lon.E. 

(T8>     Plaoee.                 Let.  8. 

L0O.E. 

Middle  bluid, 
-Ooo..W«idB.T 

It     S« 

lai  SID 

-CeneWinon^by.M  48    0 

118  II     0 

119  SI     0 

U  10     (k 

111   eav 

5C.peJ.ift    ...    .16  B7    0 

119  41  to 

Cap«Arid    .    .    . 

14    OlS 

in  11   (1 

SC4e  Luniw    .    .    .  IT  10  10 

IIB  43     0 

Sooth  E.MU..S.  to. 

M  SO  le 

I1S9T    0 

«CapeBuffi>D     .    .    .  IT  IB    fl 

140  10     • 

C^Pul.7     .    .    . 

11  ST     0 

111  «     0 

iW.  CipeBuike    .    .  IT  SI  ID 

140  »  10 

R0QIldIll.ld    .      .      . 

U     6     0 

1X1  49  10 

140  IT  10 

Pcint  Miliulm .    .    . 

M  i8     0 

IW  41  10 

aCipe  BridgewttoT     .18  11    0 141  IB    0 

EuteinGnop,  S.<»id 

U  SI     0 

IS4     1     0 

ICpoNelaon    .    .    .18  14  10 

141  18     0 

Point  C»ilT«r    .    . 
Point  DoT8r     .    .   ■. 

M  ST     0 
13  M     0 

114  IS     0 

115  SO     0 

CepeOtwrny      .     .     .  IB  S4     0 

141  M     0 

lit  Low  SkkIt  Point 
.IniLowSwdyPoinl 
^HMdoftUGrait 
jAuttaliu  Biibt  .    . 
gCpeNu,..      .    .    . 

»  11  U 

U    1    0 

1S6  so    0 

las  IS   0 

XXI.    lebnde,   Rooki,  end  ShoeU   in  tb« 
NORTH  PACmC  OCEAN. 

SI  S»     0 
11     8     0 

111     B     0 

111  la   0 

Nortb 

Eeet 

■?  Point  Fowler    .    .    . 
CpQiDtBeU    .... 
<Purdie'iIi.,  W.  end 

M     8     0 

HI  IT     0 

Boiodino  Id*nd    .    . 

SB  SS    0 

111  11     0 

M  1«  10 

M  M  » 

lit     S     0 

III  10  IB 

Biiliop'e  Rock      .    . 
Ren>Ldend     .    .    . 

SB  M    0 
M  SS     0 

HI  IB     0 
111     t     0 

StJ'rucii'aIp.,W^d 

^1  UIO 

til  11  10 

Kendnok-e  Mend      . 

M  tS    0 

114  se   0 

St-PeUr-.Ifc.W.eild 

ill  2S10 

IM  IT     0 

Coopor'e  lelend    .    . 

tS  48     0 

III  IS     0 

Friaklin'rii.3.W.end 

3S  11     0 

111  IS     D 

Copper  Iriuid  .     .     . 

iO     8     0 

111  S4     0 

Point  Blown    .    .    . 

la  IT   0 

131  4B     0 

Abnojoe  SEioel     .     . 

M  10     0 

Its  SS  IS 

Ci^B«>«r.    .    . 

11  4*  SO 

111  SB  ID 

Abreogoee  Slioel  . 

3't  30     U 

136  18     0 

Piunt  Weitill  .    . 

11  as  to 

111  SB  4t 

Donslee'Reer      .    . 

10  IT     0 

ISC  10     0 

CuMlUdModk     .    . 

as  IS   0 

114  IB     B 

Biehim'i  Rock      .     . 

10  IS     0 

ISO  S4     0 

FranlWeTlud     .    , 

IS  14    fl 

114  It     0 

MooM'eleUnd      .    . 

Jl  17     0 

14S  40     0 

Wddegt.,.'.  U., 

St.  P.lw'.  liUnd      . 

10  to  10 

140  IS     0 

-  Wm  end    .    .    . 
nindm-  L,  S.W.  Pt 

11  *3  10 
U4SI0 

114  4)  10 
lU  14  IB 

Sylpfi'.Roek   .    .    . 
ShS  le.  Port  Loyd 

IT  IS     0 
11  IS     0 

IIB  4S     0 
143  40     0 

Pe»on-.I..,N.Peek 

11  S7     0 

tl4  It     0 

IT     S  IS 

141  11  30 

Pert7'iOnnip,S.end 

IT  IT  10 

I4S  11      0 

Point  DnnBand  .    ■ 

M  ID     D 

lis  It    0 

Coffin'iGrou^      .    . 

16  10     D 

141  10     0 

CoSn'eBer, 

Snlphnr  Id»^       . 

14  4B     0 

141   11     0 

-  Point  Sir  Imo      . 

«ST     0 

Its  10     0 

Foiftneldeod       . 

IS  14     0 

141     0     0 

PobtWhidley     .    . 

14  16  10 

lis     1  10 

U.rget«f«  Mend 

irao   0 

I4S  4S     0 

Greeelr  U.,  peek  .    . 
CipeWil...     .    .    , 

U  40    0 

1S4  4T     D 

Giunpu-  JeUnde 

IS  40    0 

146  40     0 

U  ST     0 

Its  18  10 

LigntneeUud    .    . 

14  AS  ID 

IIS  14     0 

Volotno^ny'e  L 

10  30     0 

I4S  46     0 

Thutle'alibuid,K.end 

IS     0     D 

IIS  SO     0 

UnoMlelend   .     . 

ID  10     0 

14S  IS     0 

14  S6     0 

116     4     0 

10  4S     0 

14S  IS     0 

Spencer'B  Gulf, 

MiDR'e  lelind 

10  IS     0 

I4fi  13  10 

-  C.p.  Donington    . 

14  44     0 

lis  se  to 

SGrijuiIeluid,  N.Pt 
1  Pigon  lelend,  N.  Pt. 

IB  SO  to 

US  SO  10 

3 -PoH  Lincoln,  (nob. 

2  -  Point  BoUngbToka 

3  N.E.niS    .    .    . 
I-Monnt  Young.    . 
*- Point  Lowly    .    . 
8-MoontBrown  .    . 

M48Sft 

Its  44  SI 

18  IS  to 

146     0     0 

14  1140 

IM     I     0 

18     S     0 

146     S     0 

5Gugu«l,l,nd,N.Pt. 
iToneRoek      .    . 

eSerigaeD  lelend    . 
^Aneuju  Idend    . 

IT  IS  to 

146     3  10 

M  19    0 

lis  18     0 

17  IS  10 

146     3     0 

USD 

IIT  10     0 

16  40     0 

148     0     0 

IS  ST  40 

IIT  49     0 

16  H     0 

I4B  Bl     0 

IS  10  IG 

US     0  41 

^Medi£illeRook>  . 

IS     0     0 

146  11     0 

»i- Ben  Hill    .    . 

11  IS     0 

118     B     0 

llffi'.K'fit 

IB  14  10 

14S  BO     0 

-  Point  Hiley     .    . 

It  Bl     0 

I3T  10     0 

14  18     0 

14S  SI  IS 

-Point  Pierce    .    . 

14  IB  10 

IIT  11     0 

jAgagu  leUnd      . 

14  11  44 

I4S  44     0 

-Conir  Point     .    . 

M  as   0 

IIT     I     0 

^  Rite  lelend      .    . 

14     0     0 

14S  10  10 

-C.pe8p«»:er  .    . 

IS  16     0 

lis  Bl     0 

Gntn  Iilend,  N.  Pt. 

IS  SB     0 

MS     4     0 

OtafStViiwent,lMed 

IS     B     0 

IIT  41  to 

-  Apre,  Fort  .    . 

11  SS  SO 

144  11  IS 

U    Bll 

138     6     0 

-  L'melee  Bij     . 

11  IT  IS 

144  SS     0 

-Mount Lofty    .    . 

14  SQ    0 

158  4S     0 

—  South  WeW  Point 

11  13     0 

144  SS     0 

CepeJerrii      .    .    . 

ISIS     0 

118     B     0 

Ste.  Roe*  Benk,  mid. 

1)14    0 

144  S4     0 

KeueiDO  liUnd, 
-  Foint  Menden     . 

..„. 

IIT  41     0 

0  to  to 

lU  4«    0 

-  Kengeroo  Heed    . 

mi  < 

IIT  SB  It 

Lord  North'.  lelend 

1     141 

HI    i.lS 

aas 
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(79)       PlwM. 

Ut.H. 

L011.E.      (80)      Plieu.             {  Lat.N. 

Lon.  £. 

H.)«|-iShoil  .    . 

t  SS  10 

Ill  ST  to 

1'      '       ' 
Ralick  laluida, 

Palo  Asm  .    .    . 

4  IB  10 

111     1  Sl> 

FuloUuian    .    . 

4  IB  IB 

IS9  98  IS 

Weatcnd      .    .     .11  49    0165  91  9i 

81.  Aodra-'.  tiluda 

S  »     0 

111  le   0 

-  Rimikj  KoraikaS'                1 

St.  Dind'a  lilutd     . 

0  ti     0 

114  1!  lU 

Ulandi,  N.  .nd      .1111     0150  18    0 

-  South  Wort  end     .11      8  SOllCHJ  98  SO 

Pallnr  Iiltndi, 

-Bd»lthoa.p.E.Pt 

T  41    0 

114  U     0 

-  Cathuioe  Iilud  .1  9  11    0  106  19    0 

8     S  SO 

111  10     0 

-  Lrdn  lalud    ..'94    0 166  18    0 

—  Mar^utt'a  Iiltnd  1  8  51     0  106  10     0 

e  H  so 

114  91     U 

8  4t     0 

1ST  40     0 

-  PrineoM  Iiland  '  .1  B  90     o'lOT  10     0 

-8aath«iul    .    .    . 

8  IT     0 

1ST  II  10 

Vip  liUod.  S.  and    . 

S  10  10 

IIH    a    0 

middle      .    .    .    .1  T  96    o'l68  18    0 

H«itor-|Slu»l      .    . 

9  SI     0 

IIB  ID     0 

—  Slman  Ii ,  mid.    .>  T  98     o'leS  M     0 

MMhoont'i  I...  mid. 

10     G     0 

ISO  40     0 

—  Bonhmmli.S.E.ond   6     0     0  IN  49  99 

PUIUp-i  ia>»b  .    . 

140  ao    a 

—  Haater*!  lalind     .'  s  46     0  189     0     • 

KnaUuid.  .    .     . 

8  90     0 

141     0     0 

j  —  Biring'i  lilauda    .    1  15     o'l8S  II     • 

WiUdn.  bliDdi  .    . 

T  IS     0 

144  4B     0 

y- Boatonlilind  .    :  t  u     Sles  10    • 

f  lUdwk  liluid*.          1 

J-— Utwion'i  I>.,mid  It  48     0170     7     0 

FmUiliUnd  .    .    . 

Die 

HI     S     U 

Fimblwdi     .    .    . 

T  13     0 

141  SI     U 

SmdM  Mind       .     . 

T  10     0 

140  18     0 

a  —  Button'!  or  Kou- 

Tn.k.T'il.luH]    .    . 

I  10     0 
T  91     0 

148  18     U 
146  48     0 

■n     toauS'Uluidi.inid.'ll  11  90,189  60  U 

-"  —  KruBoiutani'a   la  ,>                  1 

PiRJil^wi   ._.     . 

B  11  H 

14T  40  ID 

J     Nortb  oDd    .     .     .^19  97  is'lTO    «    • 

St.  BwtholmMir'l  I. 

«  It     0 

148  4T     0 

|- Nrw  Yrar-itdudlO    B  SO  170  6S  It 

|EijMbTorlC.Ul.. 

T  18    • 

149  11     0 

1-TemoI.Und     .          9  58     0  im  4S     n 

0  40     0 

149  91     0 

*  -  Heidu  Ifc.  mid. 

0  51  10169  IS     0 

lUtrtirMltlnda, 

-  Chatbtm  Iilud* 

9    9  SO  170  94     0 

,_T«uu«.     .    .    . 

T  »  IT 

N9  99  43 

l-T™dMk     .         . 

I  11  IB 

140  98  S» 

Port  Noel     .    . 

9  IS  10  170  18  t8 

1  -  Ohp  .    .    .         . 

T  IT  IT 

149  10  SI 

rnr.lT'll'B. 

8  10     D 

110  ai    0 

-  C«lv«rt  lalanda. 

fclUl-*  bUoili  .    .    . 

8  45     0 

119     0     U 

North  Wen  and     . 

a  64  90  170  40    0 

.HoMlmi  liluidj, 
i-PuoJiUDd      .    . 

SontbEutend.    . 

8  99  lOlTI   11     0 

T  49  U 

111  49  11 

-Ibbetion'slB..n>id 

8  IB  40!l7I  If    0 

|-GiTrrl.l»d    .    . 

T     8  SS 

111  SI  4B 

-Arroimnitb-.    la.. 

f  -  TonM  Ulnd  .     . 

7  90     0 

HI  98     0 

.bo«i.  .  .  .  : 

7  10   0  iri    0  0 

T  IS     0 

HI  19     0 

Duiel-t  Iiluida    . 

7  94    0 179    8    0 

T  to     0 

III  14     0 

Feddar'.  Iduul.  . 

7  10    Q 171  SI    0 

8  4T     « 
T    »  IB 

III     B     0 
111  S«  SI 

MnlmTe  U.  S.E.  and 
-  North  Eut  and    . 

6  El    0;iT9  49    0 
6  90     0 1T9  SO     0 

IU«&indI>l.ud>, 

-  North  We.t  and 

6  10     0IT9     4     0 

-  North  E*M  end     . 

S4S    0 

isa  M  0 

-  South  Watt  and   . 

S  S8     D 179     0     0 

-8«BtbW..tmrf    . 

S  tS    0 

169     6     0 

Mortloek'a  Idud*    . 

S  9*    0 

HI  IS     0 

Ch>rlolta'i  lalinda    . 

1  11     0  ITI  15     • 

Su  hphnl-i  Itlud 

T  18    & 

lis  14     0 

Pilt'i  lilind,  about    . 

1     0     0174  SO     0 

Oiocmineh  litind 

1     0     1^ 

114  SO     0 

Malthe<r'i  I..  N.  and 

1     8     O'lTl  97  90 

T  19    Ol 

111     1     0 

Knov'i  It.  8.  end       . 

1  10     oilTl     0  40 

HMbom'i  IiliDd  . 

T  44    0 

HI  IB     0 

jUmnbaU'ataGilbart'a 

>  ST  10 

IM  4B     0 

i     laland.  mid.       .     . 

1  HJr,  IrfMrf,  N.  and 
fWoodlv  1.,  N.  and 

1  16  IS'ITS     4  90 

B.T«  or  Vilinif. 

0  59  19  ITS    4  41 

labnd  .... 

S  40     0 

1ST  40     0 

•  16     0  ITS  97  11 

St.  AoruMiD'a  IiUnd 

T  94    0 

118     9     0 

a  -  South  end   .    .    . 

0  10  lo'lTI  90  40 

6  91    0 

H8  13     0 

■^HemIerTiUoIi.,N.antf 

0  13  10171  41     0 

HiiHraTa  IsluuU .    . 
WolBoKton    or 

6  IS     0 

110  11     0 

;  -  South  and    .    . 

6     6  50  171  49     • 

tPhebaWuid   .     . 

SKini^unill'aGronpa, 
U  —  ijimdta  lalanii       . 

0  19     0178  10     0 

Ho.'^I^.'l.l.ad': 

«  19  40 
6  11  SO 

110  40    S 

IdO  48     0 

South    1 
0  11     0174     0    0 

Qd.1>d  liluid  .    .     . 

«  91  10 

I8S     0  43 

Sftlanham  la..  N.ani: 

0  19     0 174  14     8 

AiT«lfi..I,l™d,  . 

9  11    a 

101     B     0 

-Southend    .    .    . 

0  47     DJI74  SI     4 

1    Bmn'o  Ruga, 
-  Parrr'*  liTud  .     . 

11  91     0 

|16'"     0 

-  DtummoAl-a  L, 
North  and     .    .    . 

1     1     e|l74  46     0 

■™^"^^ 

.    -  ^^-'- 

^^saa 
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(M)      PUoM. 

Ut.3, 

Lon.E. 

(83)     Pl««. 

L.t.  N.  1  Lon.  W. 

-DrommoDd'*!!. 

*     ■■    ' 

"      '    ' 

MiroldDBi  Iiluid  .    . 

10  ST     0 154  SO     0 

Soath  «>a    .    . 

1  SS  ID 

ITS  10  SO 

T*booro«a  Island, 

-  Nnitilu.'  RMf 

1  »40 

ITS     6     0 

-  North  Eut  Point 

10  36     0  ISO  14     0 

-  Bywn-.  U*Dd      . 

1   IB     • 

ITT  49     0 

Moww  L.  N.  W.  Pt 

SI     S     0156  IT     0 

North 

.  -  £ul  Point  .     .     . 

to  44  40150     3  40 

J>rdiii«>.tM.nbill'> 

■3  -  lUhein.  Bay    .     . 
JOwhrteeorHswuil. 
■5  -  North  Point     . 

iO  to     0  156  41     0 

laUnd      .    .    . 

11  4*    0 

ISl  SS    u 

»  IS  SOISS  S8     0 

B<ai>Mt'«  Id>nd    . 

11  19     0 

ia4  S6     0 

WikeaRMf     .    .    . 

IS     0     0 

US     0     0 

■S  -  South  Point      .    . 
§  -  E»t  Point  .     .     . 

IS  54     OISS  4S     0 

RicadeOroM 

19  S3     0  IS4  SO     0 

iM'a  Wife  .... 

19  tl     0 

IST     4     0 

1  -  WhjtOT  or  BjTon'i 

a     B»y 

^-Kmkao.BRy     . 
Far.  10°  11'  E. 

Cofauui  IriiDdi    .    . 

ten  e 

163     0     0 

19  43  S115S     T  10 

Dacker'i  IiIumI    .    . 

hm  0 

1«9     5     0 

19  38    S  ISO    0    0 

St.  Butbolraiaw'i  I. 

16  10     0 

161  4S     0 

HilenoUbnd     .    . 

19  »     0 

I6sn     0 

-  Kowroo*  B.T  .     . 

10  ST  SDISB     B  SO 

1*     0     0 

l«40     0 

-To«ughBBy     .     . 

10     )     9 155  08     0 

Cornwdliildudl     . 

N  u  e 

168  43    0 

Pilmyn  Iilud     . 

S  SO     0 161  SO     0 

CrMpoliluid.orRoco 

Pro.|>«t  UUnd     . 

W.^iDglon'.  IlUnd  . 

4  44     0 161  ST     e 

dBPlmti  .... 

U  46    0 

1T0  10    0 

4  10     0 159  SO     0 

Wdw-.Rock   .    .    . 

IT  40    0 

ITt  40    0 

An>.rict  Iilind*     .     . 

3  48     0 159  15     0 

18    •    0 

ITS  48     0 

FtnniDgn  Uiad   .    . 

S  49     0  158  SO     0 

Helliah'aBMk      .    . 

14    0    0 

1T8  IB    0 

ChiutmM  ot  No«l  t. 

1  S8     0 1ST  IS     0 

Gapuliluid  .    .    . 

IS    0    0 

IT6  18     0 

Roe.  F^an  blud  . 

S8  SS     »'ll8  IS  4S 
16  10     0 136  10     0 
16  31     0131  ST     9 

»  IS    0 

IT6  40     0 

WMt 

Huipililuid    .    .    . 

Ocmn-.  or  St.Tw'.  1 

t8U    0 

ITS  43     0 

Aliia.Rock.!  .    .    . 

14  48     o'llB  SI     0 

Cortlilukd      .    .    , 

»  M     0 

ITS  SS     0 

Sta.  Rou  liluid    .    . 

18  19     9,116     6  39 

BvbuIaUod  .    .    . 

8  S4    0 

118     0     0 

ShclTOM  Iduid     .    . 

33     6     0113  U     0 

P«rt«    ud    HtnoM 

NenbM.t  .    .    .    . 

IB  13     0 114     1     0 

B«Dk 

»  46     0 

!T8     0     0 

Roci  Putid.    ,    .     , 

19     4  S9I11     6  to 

S>  IS     D 

Cloud'.  Iilind  .     .     . 

IB  34    0114  4B    0 

linuukT'i  Idtnd     . 

96     ■     0 

ITS  41     0 

BWildand     .     .     , 

IB     4     0 114  31     0 

Luaioo'a  Iduid    .    . 

26     6     0 

ITS  SS     0 

Socorro  I.I.nd 

BoDkn  laluHl  .    .     . 

JH     0     0 

ITS  SO     0 

-  ConiWBlli.  B.y     , 

IS  48     0  110  10     0 

MMo'.IUef     .     .    . 

SB  SB     0 

no  SO   0 

St.  Berto  I.Und    . 

19  SO     0109  63     0 

JohDitoD-i  OT  Smith-. 

P«.i«.Rock  .    .    . 

16  54     0 100     e     0 

Mai 

18  51  10 

160  II  so 

Clipperton  Hock   .    . 

10  18     0 100  19     0 

Two  Brotb«r-»  Roeki 

U  14     0 

168  SO     0 

I>unBU.-.I.lMid    .    . 

6     0     0106     0     0 

FoUud'a  Idtnd    .    . 

M  48     0 

168     0     0 

Coco*  laland     .     .     . 

S  S4  10 

BB09     0 

All«a-*  BtB>k«i    .    . 

85     •     0 

lOT  S4     0 

MdpelloWHid     .    . 

S  SO    0 

SO  10     9 

GardiMT'i  ItluMl   .    . 

W     1     0 

107  40     0 

WUmd'i  IiUnd    .    . 

19  SI     0 

160  SS     0 

Cnlpepper'.  Iilud    . 

1  43     0 

01  (4     0 

I'^^SSl^. 

as  4S     0 

10S  BO     0 

Wenman'.  Iilud .    . 

1  31     0 

91  16    0 

19  SS     0 

ISS  SS     0 

Abingdon'.  Idud, 

-  NoHea'  Rock.  .    . 

0  48     0 

90  SO  40 

Neekw  llUnd  .    .    . 

as  S4   0 

m  H   0 

-  C>pe  Ibbetun  .    . 

0  SO  45 

99  IS  45 

Binl'«I*luul    .    .    . 

23     6     0 

101  SS     0 

.  -  Chdmer.'  Pomt    . 

0  31  SO 

00  30  16 

Tihona  lilind      .    . 

11  S9     0 

160  IS     0 

■SBindloIiluid,  N.Pt 
SEuroIriand.     .     . 

^AlbeniBila  Isluid, 

0  SI   IS 

DO     6     0 

OnMhoiiI(luid.S.Pt. 

ai  40  so 

60  10     0 

0  33  10 

89  4S     0 

.Otm1io«1>1uu1   .    . 

SI     1     0 

|-W,rt  Point     .    . 

11  SI     0 

it9  10     0 

-  Albwniri.  Point  . 

0  16     0 

M  SB    0 

»    4    0 

1S9  SO     0 

-  Cap.  Mirahill .     . 

9     1  SO 

00  51     0 

.5-WhyBe.Botd     . 

31  SI     0 

150  41  4t 

9     4     0 

91  31  10 

-W«hooi.l«id,E.Pt. 

ai  10  SO 

1ST  40     0 

South 

g- North  Point      .     . 

ai  4S    0 

IS8     0     0 

-  C.»  Wood&rd    . 

0  48  SO 

00  ST    0 

31  IT  67 

IST  SO     0 

0  66     9 

90  16    0 

iv^.tO'VE. 

-  Cipe  Row  .    .    . 

I     0     0 

00  SI    0 

^  -  WhymoB  Ba;  .     . 

31  S8    e 

ISB     0     0 

jMnwIdand   .     .     . 

9  61     0 

91  13     0 

-  Wbrteets  Rokd    . 

31  10  43 

151  4T     0 

1 

Horolcalilind.  E.Pt. 

11    9    0 

ISO  44     0 

—  CipeStepb.n«.    . 

0     6     0 

00  SB    O' 
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(81)    eu^ 

L*t.S. 

Lou.  W. 

(M>       PU.M. 

L.t.8. 

Loa.£. 

JlMM'UhMA 

.     .     . 

• 

.       .      . 

-S.p,L«I.    .    . 

ff  18     0 

MM    0 

-TrDbfirod  UUndfc 

"r.Xl^: . 

OIT     0 

.,„. 

C.p,D«i..    .    . 

-  North  Imluri     .     . 

6  34 

8  IB 

0 
S 

ISI    4  4B 
ISO  SO     B 

-C.p.Hunmond    . 

0  H  10 

BI  10  U 

LrochUn  U.  S.  nd 

BM 

0 

IBS  40     • 

0  tl     0 

M  4f     0 

JooM'a  IiUikU. 

WhiuRocka  .    .    . 

0  u  le 

00  M     0 

Norfolk  Idud, 

South  oiik     .    .    . 

10  6S 

0 

ISS  U     « 

d-£utPoiDt  .    .    . 

a  41   0 

M    ■    0 

Supbra'i  UUnd   *   . 

0  31 

c 

18S     B     6 

1  -  WM  PoiU       .     . 

0  4D    0 

00  to  10 

TigwUlud     .    .    . 

1  4S 

0 

143     0     B 

1  -  Nortb  Eut  PoUt 

0  1)  u 

00  10     0 

Matty  Iilud    .    .     . 

1  U 

10 

143  IS  SO 

Dnrooi  UUnd  .     .     . 

1  te 

0 

143  S«     0 

t- North  EMt  Point, 

D  4S     0 

80  48  SO 

Eichoqner    oi    Bou- 

J-  South  WMt  Point 

0  U     0 

SB  se   0 

pinTill.-iI.arod 

1  40  80 

144     3     0 

fC««nunl.l»d   . 

0  S7     0 

DO  18     0 

Th6HMmit..NJl.rod 

1  38  lU 

14S     7     0 

UBraltla  Iilud  .    . 

0  IS     0 

BD  IT     0 

0  4S 

0 

I4S  IS     B 

Cbtthmm  L.  E.  PL    . 

0  49     0 

88  4T     0 

0  S4 

0 

14S  30     « 

-  W«.t  Point      .    , 

1     1  ID 

SOU     0 

Sidngy'iShod      .    . 

3  30 

0 

146  SO     B 

HoodM«d. 

Adminlly  IduuU. 
-Gr«BdI.,N.W.Pt. 

-  G»ninM-.  Bit      . 
ChuBpioD  Iiltnil  .    . 

1   IB     0 

8BI0     0 

I  ST 

0 

146  SS     B 

1  14     0 

89  S8  IS 

South  Eut  Point . 

1  16 

0 

147  IS    a 

1  IT     D 

90     0     0 

-N*gn>Ii..N.E.>Dd    I  S8«0 

147  la  so 

W.t«on'i  l.Und    .     , 

1  10     0 

89  S8     0 

-Punly'ili.,  E.*nd    ISO 

0 

146  IS     6 

0«dnOT'iUUnd  ,    . 

1  U     0 

89  ST  10 

-  Eliwtoth  iBlrod    . 
-jMu.M«i.l.Und, 

1  SB 

" 

146  4«    a 

XXn.    IiUndi,   Bocb,  uid  Slu»li  is  th* 

South  Eut  Point   . 

1  81 

0 

147  48     0 

SOUTH  PACIFIC  OCEAN. 

-  Vrodoli  lalind     . 

1  14 

0 

148  10    a 

-  lUphul  Itland     . 

1     B 
1  18 
3  SS 

0 

I4T  43     a 
Ur  4B     B 

149  16  43 

N.W  GniDM, 

South 

£ut 

Portluid  I...  N.  E.'Pt 

< 

-CpoSdoy.    . 

1  so   0 

ISI     ■     0 

MalhiM  liUnd      .    . 

1  31 

0 

149  10     0 

-CipoofG^UoH 

0  so    0 

IH  II    0 

Sq«,UyW«.d       .     . 

180 

0 

ISO  M    0 

-  Cf  Dory  « 

No*  HuoYor  Llrod, 

Put  Point    .     .    , 

0  48    0 

1S4  as   u 

-  North  Point     .    . 

in 

c 

IBB    0    0 

-C«p.VJ»li      .    . 

B  »    0 

110  64     0 

-  Q.  Chirlotto'i  C. . 

1 II 

0 

14B  90     0 

-  Sooth  Eul  C.p. 

10     S     0 

148  SO     0 

Byron  or  MuuolMim 

8  43  SS 

148  St    0 

lalud      .... 

144  sol 

It*  31     0 

-  Rioba  Iiluid, 

t  SS 

0 

ISO  44    e 

North  Point     .     . 

8     S     0 

I4T  (T  to 

N.W  Inlrod,^ 

1  22    0 

14T  IS  10 

-  Point  H^r  .'    ! 

9  46 

0 

ISO  SS     0 

-  Cretis  I>.,  S.  rod 

6  47  4e 

I4T  49  40 

4  17 

0 

113  38     0 

-  Kinc  Williui'i  C. 

6  16  10 

I4T  44     0 

—  Port  Ctrt«r«t  .    . 

4  SB 

i 

IBS  4S     0 

—  Port    Gswor    or 

Stniti, 

Prulin     .... 

4  4r 

ISS  IB  99 

-  Putdoru'  lUaf      . 

It  14    0 

US  58     0 

-  Cpo  St.  Grar^ 

4  SI 

IS3  48  15 

—  Mumj'i  liltai    . 

0  B4     0 

144     0     0 

-  CiH  Sl  .M>iy 

4     3 

ISS  18     S 

-  DwnUy'.  Iiluid  . 

0»     0 

I4S  41     0 

-  SliEgW.  B./  . 

.3  10 

1S3    0    a 

-  HilfWr  liliBd     . 

-  Booby  iiluid    .    . 

10    7    0 

I4S  16     0 

Fiiheri  1„  N.  W.  Pt 

3  18 

1S8  13    a 

10  16     0 

141  en  SO 

D.y'.  or  Deny-.  I. 

3  10 

ISI  4S   a 

-  Tonujdn  blud  . 

0  14     0 

141  IT     0 

Oivion  liUnd 

S  SO 

ISS  98     0 

-  DuliTortnco  Iilud 

9  )1     0 

141  41     0 

St.  John*  laUad  . 

1  68 

IS4   0   a 

LoniuHl*  Iilinda, 

SirChmrlMHudy'lI 

4  41 

IS4  so     0 

-  aitiafMtion    or 

Fold  Idtndi.  N.  end 

S     9 

1S4  99     0 

RoiUHl  Iduid, 

-  Goodmro'i  Ulmnd 

S  IT 

IS4  4S     0 

It  H  n 

114  M     0 

-  Buk  .... 

■  SS 

Ul  37    a 

-RniudIi.,W.  end 

10  Bl  40 

Its     1     0 

Lyni'  Sbod,  nid. 
N*w  BriUin, 

1  SS 

Its  38     0 

-  St.  Ainun  Islud, 
C.p.H«ry      .     . 

10  41  IS 

ISI  B6     0 

iSKt. 

4    0 
4  17 

ISS     0     0 
ISl  14     0 

^p.Pi«™™         . 

0  tS  10 

151  14  SO 

-CipoBnUn      . 

5     8 

IBS     9     0 

-  JmtUa  Iilind      . 

8  4)     0 

8  ir   0 

ISI  41     0 
ISI  11     0 

-  Cp.  Orford    . 

a  SI 

6     6 

IBS     4     0 

ISO  sa   a 
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<BI)        PIWM. 

LM.8. 

Lon.E, 

(86)      FUe... 

Ut.S. 

Ua.E. 

N«ir  Britun, 

.     .    . 

!    Gowor'ilalud     .    . 

7  66    0 

160  38    0 

-  Soath  PuiDt 

6  H    D 

140  IS    0 

Cwtorot  1.,  N.W.  Pt 

8  SS     • 

160  11     0 

—  CipeAnn    .    . 

G  49     0 

148  M     0 

AnuitdM  I..  8.  Pi.  . 

0     8     0 

161  33    0 

-  C>pa  GlDCMbir 

«  S8  SO 

148  as    0 

ContrmotfOrSBUth'. 

-CiHRvmlt    . 

S  37     0 

148  as    0 

WuMl       .... 

0  48     0 

103    8  10 

-  C>p«  Ltmbert .    . 
IdeofHn      .    .    . 

4  IS     0 

151  41     0 

Th™.  Sirton.  mid.    . 

10  IS     0 

16a  0  0 

a  H    0 

111  so   0 

SuiChrirtonlWuid. 

Dak-orVo^iIakiuL 
-  Port  Hunter     . 

10  IS  10 

161  S3    0 

4    7  to 

133  10     0 

-CpoPUUp     .    . 

10  »     0 

161  S3     0 

Daportul  IiUnd  . 
WiSniniM  IiUnd. 

4  16    0 

Idl  17     0 

-CpoSidnoT     -     , 

£  -  C*»  Surrmo   or 

10  48     0 

161  60     0 

-SouthPoint.    .    . 

«  IS     3 

149  so  45 

'     OrienUl    .... 

10  60     0 

163  33     0 

lUooltlilud  .    .    . 

a  SI   0 

140  ar    0 

MeriUI.l»d  .    .    ■ 

4  54     0 

149     4  40 

-  Su  Anni      .     .     . 

10  Bl     0 

163  38     0 

North  IiUnd    .    .    . 

4  11    0 

140     4  40 

-  St.  C>tJiii»      . 
B«UoiuB«>k    .     .     . 

10  at  10 

Loasoso 

SirG.RoDka'sIiknd, 

11  U     0 

-  Soath  Ewt  Poiiit . 

S  SD     0 

147  as    0 

11  18     0 

160  41     0 

-  North  WMt  Point 

B  35     0 

147  44     U 

|w«ll'.IUef     .    . 

13  30     D 

158  4S     0 

Tolcuo  Iduid      .    . 

S  IS     0 

148     4     0 

|Piiido™'Re«f,N.ond 

IS     6     0 

160  t«     0 

Crown  Iiluid,  mid.    . 

S  15     0 

147  ao   a 

<lliidiq»anble  Reof, 

Long  IiUud,  8.  Point 

5  SO     0 

147     0     0 

S.ond      ... 

13  40     0 

■60  43     0 

Green  or  Shortluid  1. 

4  GQ     0 

155   IS     0 

Bouk>  lolind.  N.  PL 

S     0  10 

luas   0 

CoooolalM      .     .    . 

4  IS     0 

ISO  so   0 

BoonioTiUo  lilud. 
-dpoUrerdy. 

Hortloek  iBluid    .    . 

4  46     0 

167     0     0 

5  13     (1 

IS4  55    0 

OntoDg  JiTi  Iiluidi, 

-  Cp.  U  Cn.  .     . 

5  61     0 

155     S     0 

—  PortPrinc«M«,ont 

4  60     0 

lao  49    0 

Sbortluid  Iilind, 

6  4S     0 

155  43     0 

Lord  Howo'i  Gronp  . 
Cudeluim  ShosU 

5  10     0 

6  15     0 

ISO  ao    0 
lao  14    0 

-  Cp.  3t<ph«u      , 

T  10     0 

155  40     0 

6  53     0 

181     0     0 

TreMaryli.,  l«r([»ot  . 

T  3S  10 

155  30  15 

8l«w.rt-.  Iilindi  . 

830     0 

lei    0    0 

Now  Gnorgis, 

—  Cmpo  ComwiUii 

6  u    g 

ISO  SO     0 

Lowloltndo      .     . 

10  tl     0 

IBS  17     0 

0  4B     0 

ISO     4     0 

Swillow  Iduid     . 

10  11     0 

166  la     0 

-  Choiuul  B.T.  ent 

7     0     D 

150     1     0 

Deri  Group    .     .     . 

0  ST     0 

lOT     0     0 

—  C«p«  nooriaa 

7  SI     0 

1ST  11     0 

Volouo  Iilind       . 

10  «     0 

les  46     0 

-  Cpo  UW  .    .    . 

7  ta     f 

157  14     0 

^SanUCraior 

-CpoAlUn       .    . 

7  38     0 

tSO  14     0 

fTonurico  W^. 

a- Cpo  MiddUton    . 

Cop,  rfocoptioii    .    . 
« Capo  Plouut .     .     . 

7  41     0 

ISO  M     0 

J-CtpoByroo      . 

10  41     0 

166     4  to 

10  51  It 

165  4SSa 

B  18     0 

150  10  40 

S  -  C*p*  Mondu. 
t  -  Cape  fiurington 

10  64     0 

165  to    0 

e  41     0 

157  10  to 

10  40     0 

166     3     0 

B  4S     0 

167  tS  to 

BGnort.  Iduid  .     . 

10  40     0 

166  45  SO 

.C-poNopom    .    .    . 

8  61  to 

1S7  48  45 

HLord  Howe'.  Id»d 

10  4*     0 

166     1     0 

•gcSoPittT   .    .    . 

8  61     0 

ise  14  10 

6  64     0 

1ST  IS     0 

IpriaooH  UuM)    .    . 

0     6     0 

is7   e   0 

-•-NorthPoint     . 

11-  16  16 

166  as  0 

i^HuuunR  Strut     .    . 
VMbelLlind, 

7  U    0 

157  10     0 

gOmTorWhuKiDl.. 
9  -  WMt  f<AiA      . 
|H««haroheaiPitt'aI 

1133     0 

166  II  SO 

-  Copo  Comfort  .    . 

TWO 

167  46     0 

1140     0 

166  4a     0 

-PortPrwIiB     .    . 

7  »S     0 

157  60     0 

UTacopii  or  BtrwaU'a 

-E«»n.B.y    .    . 

7  48     0 

158  44     0 

I>l>nd.    .    .    . 

13  16    0 

169  to     0 

K^u^-^. : 

8  SS     0 
T  43     0 

ISO    a    0 
1S7  53     0 

Cheirr  liUnd  .    . 
Hitroldind    .    . 

II  SB     0 
11  66     0 

170  30     0 
ITO     0     0 

Orto^  laluid  .    .    . 

8  10     0 

150  33     D 

PudoniRW      . 

IS  11     0 

173     0     0 

Momr'a  Iilutd   .    . 
CpoHinb     .    . 

»     S     0 

168  60     0 

»     «     0 

160     8     0 

North  Rode    .    . 

It  16     0 

168  IB     0 

Benk'e  liluidi, 

0  10  ID 

ISO  4S  IS 

-SnnrLoeflilend 

IS  SS     0 

169     4     0 

—  Cipo  Hontar    .    , 

0  40  10 

Blith  or  Tomi  I. 

11  30     0 

167  69     0 

-  Cpo  Huulow 

0  50     0 

160  19     0 

Sttrlibod  .    .    . 

14  SS     0 

168     8     0 

-  North  E«t  Cipo 

9  49  IS 

100  61     0 

Ecpirito  SeuM  IiUnd 

RumooWond..     " 

B  31     0 

100     4     0 

-  C&pe  Cnmberiuid  114  18  45 

106  49  to 

i!    

CApM  IiUnd,  nid, ,     , 
QStnpkud'iIi.liTgut 
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Eapinto  SuMoIiluu 

—  Cipe  QuiiM    . 

—  Port  V*™  Cnu 
Ckpa  LiibuTM 


Lepar'a  Ulwd  ,  . 
Anron  Island,  N.  Pt 
WiiilnmliliBd.&Pt. 
AabiTBi  laUud,  E.Pt. 
Pkooa  liluul  .  .  . 
Mtl]>eoIol.,N.W.Pt. 
—  Port  Sudwwk 


Lit.8.      Lon.£. 


16  ST 

15  SI 

16  U  1 
16  » 


:Tba  TbTM  HilU    . 

"TbaTwoHiU*.     . 
MoDtuiie  lilind  . 
UiHmabnk*  Idud 
Sudwicb  I>luul,3.Pu 
EnoBuiga  Jilud, 

—  Traitor'*  Haul .    . 
Tiou  IiUnd,  N.  Pt. 

—  Port  RMi^twn    . 
Far.  7<  W  E. 


IT  M    «  1«8  M    O 


18  4S    11109)8    0 


HuoD  la.,  N.  RmF  ,  IT  57 
Pmnt  Tooiuir*  ...  SO  H 
Port  St.  Vincnit  .  .  39  0  I 
Cap«  Prino*  of  W«I««  a  M 
Q.  Cb>Tlott«'i  Cipa  .\a»  18 
Capo  Colnat  .  .  .IsD  >S 
.  Bjade  Harbour  .  .JM  IT  9 
feBMupra'i  tdudi,    ,'Vt  U  i 

■SUUofPiBM    ,    .       

'SonUwrn  RmT,    . 

Dannd'*  Beaf .  .  ,  _  _ 
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4  48  16   IT   19  IS 

—  South  Point .    .    . 

11     T  » 

18 

46  31 

4  16  30    17  St  BB 

-  N.  S.  4o  Penka     .  IS  iO  10 

IB 

IB  31 

4  43  lo'  IT  S4  SO 

TABLE  LVI. 
LATITUDES  and  LONGITUDES. 


(lU)       PIWM. 

Point  Htooripi     . 
Var.  WW. 
Suu  or  Cuat    , 
Mount  Mcluioii   . 
PflqHunbaquinho  . 
P>t«  Rirer.  aotrui 
Jancwotn  Point , 
CuMTcini  RiTu,  «D 
Tapuja  Mount .    , 
I^nanaaa  RiTa,  eni 
Tutc/a  Itivsr,  uitr.   . 
Pargnieu  R.,  E.  Pt. . 
Laiico*aGraiulea,£.  P I 
lAlecia  Mount  .    . 
Wmr.tfV 
Jst-AnD-aBreakan, 
"  -  Eaat  Point  .     . 
_'si.Ann'.  L.  N.E.  Pt. 
3  CaiaaCrandoBnakcn 
''•  —  North  Part  .     . 
_M*TinliaiB  Island, 
%—  WhiuDowaon 
*~,     North  aido    .    , 

—  Foit  St.  Haraaa 

—  Fort  St.  Antonio 
Var.  1"  M'  W. 

AIoantuB  .  ,  . 
Mount  Alagrt  .  . 
Mount  ItaooUmi  . 
Shoal  ofManoalLuii 

—  Weit  Rock  .  . 
Far.  0«  57'  E. 
Applaton'a  Shot!  . 
SrWa  Shoal.  .  . 
Ft%i  m  BiuM  , 
Cape  Mifoaiy ,    . 


Orawk  RiTBr. 
—  St.  Lonia,  Fort 
Catihni,  FlagataS 


Tor  UamaraiTi 

r"  —  CoiTobano  Pt.,  Lt. 
„  —  Goorn  Town  .    . 


Orinoco  River, 

-  Point  Barima  .    . 

—  Old  Gaijrana   .    , 

ThaTeatiKoa,  N.E.Pl. 

USols 

Loi  Friflea.  N.  Rka 


S.  fi'l'di 


9  47  ae 
a  GO 

S  SB  W 

a  41  IB 

a  41  37 

3  aii  11 
a  10  17 


)    S8  U  51 

I   58  SI  SS 
)    19  10  II 

19  IT  S8 

ID  40 

40  ST  35 

40  49 

40  60 

41  18  la 
43  13  II 
4a  IT  11 
43  0  1 
41  II  14 


S  14  16 

a  u  u 

1  30  34 

S  IS  44 
3  31  II 

I  IT  le 

3  B  IS 
D  51  S5 
0  4t 


•  tT  I 
North 
1  51     < 


6  48 
6  4T     0 
T  13     D 


t  31  10 
1  19  to 
I  It  10 


44  16 
44  31 
44  30 
44  34  II 


(100)    Flaoaa. 

Margarita, 

—  Pampatir     .  . 

—  Balena  Poiut  . 

—  North  Point  . 

—  Galara  Point  , 

—  Tuna  Point .  , 

—  Sandy  Point  . 

—  Manglaa  Point. 
Blanqnilla, 

—  North  Point  , 

—  3.  E.  Point .  . 

;— S.E.  Point  .     . 
|-  Waai  Point.     . 
;  Orchille,  Eaat  and 
9  -  Weat  end    .     .    . 
iTwo  Fathonia  Shoal  . 
ELosRoqaea,  S.E  Pt 
j  -  Salt  KaT,  W,  Ft. 
1-  N.E-KaT  .    . 
;  -  Weat  Kay   .    .    . 
Avea  or  Biid'a  lilaoda, 

—  Eaat  end  .  , 
-Weat  End  .  . 
Buanajre.  N.  Point 

—  Raaa  or  S.  Point 
Curacao,  N.  Point 

—  Fort  Amatardam  . 
Little  Curacao,  N.eod 
Oruba,  S.  £.  Poii 


CUIIANI 

Porto  Mochima,  entr. 
Borraoha  I.,  N.E.  Pt. 
BjiacELONi,  Caatla  . 
Piiitn  lalea,  aid.  .  . 
Unare  laland,  middle. 
Cape  Codera  .  . 
Point  Chuapa  .  . 
La  Gaajn,  Road . 

S  Port  Turiamo  .  . 
i  !  Porto  Cabello,  enti. 

12  Tucocaa  Point  .  . 
ClSL  Juan'a  Point  . 
j  JUbaro  Poial  .  , 
laManaanille  Point  , 
,3  Vela  de  Coro  .  . 
.  ClFa  St,  RoiMH  . 
,     Su.  Anna  de  Coro 

Maraoajbo  .  ! 

\    Point  Esjnda  .    . 

Bahia  Hcmda,  antr. 
,    Cape  La  Vela  .    . 

UHaeba  .  .  . 
<    Cape  St.  Aunatin 

,  cSIj      '  "  ■ 

Ci      • 


ID  de  Guia 


10  »  IS 
>  59    0 

11  10  U 

6  lU 
t  ID 

10  59 

10  53 


10  SS 
50  SO 

11  49 


II  5 

ST  SO 

60  10 
13  19  15 
13  3  10 
IS  34 
IS  IB  IS 
la     0     0 


SS  51  10 
BS  SI  4 
Bl  68  10 

04     4  to 


66  16  SO 
66  39  10 
6«  0  10 
66  16  40 
66  0  30 
66  10  I 
66  61     < 

66  4S  3 

67  I     0 

ttt  10  10 
BT  45  10 

68  10  I 
«a  31  10 
09  16  SO 


69     I 


10  46  IS 
10  43  10 
10  3T  » 
10  34  0 
10  10  SO 
10  IS  16 
ID  9  0 
10  5  SO 
10  St  St 
10  10  10 
IT  0 
10  10     0 

10  39  10 
ID  3D  45 
ID  50     0 

9    o! 

11  ID  SO 


1  to 


61     6  16 

64  IS   16 

64  36  SO 


11  11  IS 

no 

11  SO  so.  69 

13  11  0  TO 

11  34  t 

no 

10  SB  K 

T3 

10  19  0 

ia  30  0 

11  13  l( 

11  16  ( 

11  SO  45 

TABLE  LVI. 
LATrrUDBS  AMD  LONOITUDKS. 

Lob,  W.  I  (108)  PIwm.  U.U  N.    Las.  W. 


Hicddau  BJth, 

-  Rio  VUgo,  oatr. 

-  CwMaantr. 
Saruiill*  PoiBl 
Morro  HoimoM 
CueiMRock. 
GiUn  PolBt  . 
CuKMi  Fotnl  . 
CAmriooiA,  Fopo. 
"hod  . 


_^,-  di  Tola 
a  Fort  AnMt^  ant 
^FaMUhUnd   . 
^Cnir  of  Darimi, 
.  —  PoiBl  AranH    . 
1  —  Capo  Tibnroa  ■ 
;^Cunto  .... 
I,  N.  Pt. 


SomiUU*,  E.«do 
Cm  Okichm  *  I 
;C*p«  C>«u«a ,    . 

_C>p*  HondsTM 

iTraxiUo 

£8inaliliiH)i,S.E.Pt. 

~AlbiaBSh.,E.N.E.aBd 

•*Ga»ujs  or  Bontomi. 

S*—  NoTtk  £ut  Foiiit 

IQ  Bubant  Iilud  . 
RaitM  or  RitUn, 

—  WoM  Poiat,  ibou 
Cap*  ThfM  Point* 
THmtnb  RiTor  . 
Moho  Rinr  .  , 
Point  IcMoi  .  . 
Paint  PlacMitia  , 
Sittao  Rivar  .  .' 
Huuti  Rirar  .  . 
SaboonRiTol  .  . 
BtLOM,  Fort  Goorgo 
CIoTar"!  Roar.  N.  and 

—  Snath  End,  ibonl .  . 
Half  Moon  Kay.  Lightll 


8  M 

8  41   IS 

8  4T  II 

9  1  10 
8  U 

a  It  80 

8  811  10 

OM  n 

9  U  4S 

9  11 


18  IB  0'  86  Bl 

li  as  0   88  11 

15  19  0  88  SO 
I  I  10  88  40 
I  1«  0  88  18 
t  SB  0,  es  91 

18  4B 
IT  H 

IT  as 

17  19 

16  S4 

18  41 
IT  U 


0    88  10     0 


0    8T  40     0 


Hat  Ka*  Raaf,  S.  and  IT 

Turaaff" 

-Kar 

-Man 


Ca*n 

TuTMlTKan, 
-  Kay  BoLal  . 


St.  GaorKe'iKa7.S.Pt.  IT  U 
AtaWsna  Kaj.  S.  Pt.  IT  4ft 
Nerthan  Triangloi.    | 

—  Sooth  tiid     .     .     .  18  90 

—  North  and  .  .  .18  4« 
Coramal,  8.  Point     .10  10 

—  North  Paint  .  .20  19 
Anowamith'i  Bk  mid.  91  1 
Punta  Brara  ...  II  0 
CapoCitooho  .  . 
Mount  Notipardon 
Campaeha,  Town  . 
Alaeran  Sboal, 

—  Paiaa  laland  . 
Na^lloBnk.  . 
Arwiaa  or  Sudy  1, 
titw  Shoa)  .  .  . 
Trianjl, 


SI  11     ' 

91   10 
19  SI 


.99  n  ' 

.n  u  < 

.99    8 

.11  BO  ' 

90  SI  ' 


Obiao  or  Biahop'a  Sh.  SO  SS     0 


Tb*  Aniu 
JoTinil  Point    .     . 
JioaUngo  Point 
Barra  da  St  Pedro 
Bun  da  Tabuco  . 
B.  do  Chiltepaqno 


190  19 
llO  19  ID 

18  41  U 

IB  40 
.IB  34  10 

IB  SO  U 


.'19     1  17 

.|l9  U  S4 
.119  SS  4S 
Jsi   11 
.'91   IS  I 

.'3-i  S9 
.**  48 


Tapiico  Rirar,  onb.  .18  U  0 
B.  do  Coaucoaleoo  .18  8 
La  Barilla  .  .  .  18  S 
Point  St.  Join .  .  .18  IB 
Roea  Pajtida  .  .  .18  41 
Bam  da  AlTarado  .jl8  48 
Anton  Liaanlo  Point  .49  1 
ViBiCaut,  Light  .19  19  IS 
OriuraPetk  .  . 
Cofra  di  Parota     . 

S  MEXICO    .     .    . 

SCapaRoio  .     .     . 

bBarradaTampioo. 

^Barra  d«  Tonlo  . 
Baira  da  Santandar 
fioqaillai  Cerradaa  .  ilS  0 
Rirar  da  S.  Fernando 'll  80 
Bam  de Santiago.  .|96  8 
Bam  de  S.  Bannrdo  it8  tS 
Point  Culflbiai  .  .!»  IS 
Bura  dal  R.  Sabiu  Jsu  18 
R,  Honnantan,  antr.  .139  SO 
Fierro  Point  .  .  J99  19 
Miaaiaaippi  Rirar,      I 

—  8.W.  antianoe  .     .'SB  S8 

—  South  entranoe      -iSS  E8 

—  Frank'a  I.,  Light  .90    8  10 

—  Baliia      .    .    .    .^0    T  10 

—  Paaa  k  I'Onm  .     .I>9  11     0 
Nnr  OBLUNa  .     .     .99  ST  SO 
Mobila,  Bar      ,     .     .ttO  10 
Vmt.  8*  S8'  E.  I 


BT  S« 
t    87  41 

9  »• 


I    BT  IC 
i    96  89 

I    8«  44 

I    88  II 

88  44 

86  ST  10 

""    s  to 

90  to 


91  90  0 
01  u 
09  10 
9S  19 

91  38  . 

90  S0  SO 

91  S4  • 
99  99  SO 
99  S9  It 
91  9  9 
9t  98  O 
94  99  0 

04  tS 

94  tS  . 

05  8  0 

95  4t  , 

95  B3  0 

96  T  II 

97  II  IS 


9T  SS     8 
OT  S4 
9T  S8 
9T  40     . 
07  99     O 
07  10 

93  4B 

94  48  . 
94  I  0 
9*  SS     8 


69  S9     0 
69  II 
89     «     0 
89  10 
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LATITUDES  and  IX)KG1TUDES. 

(108)    PUm».             1  Ut.H. 

L0I1.W. 

(110)      PIUM. 

UtN. 

Un.W. 

MMU.  Town  .    .    .U  ■«    « 

BS  II     0 

Oni^  K-Ti.  Did. 

U  H  10 

TB     T     0 

PuMcaU,  Bit      .     .10  IS     0 

BT  IS     0 

11  «l     0 

TB     8     0 

PwncaU,  Town  .    .  M  M  41 

8T  11  18 

SU.  Ron  Bmr,  mtr.  .HO  U     0 
SLAikdnw'iIiluid  .10    1    0 

80  10     0 

Sdl  K.7  Bonk. 

8S  SI     0 

-  AnguilUKiy.Wdl 

»  11     0 

IB  IB    0 

Cf  St.  Blu  .    .     .,09  S8    0 

BS  40     0 

-8«IlK.T      .    . 
-  Elbow  Kir  .    .    . 

U  49     0 

80  ID     0 

Api]ul.(>or3t.MiiklO  19    0 

B4  to     0 

11  SS     0 

80  It  to 

AulMtKir.iuid.    JSSSO    0 

Bl  11     0 

-  Dog  Rook*,  nid.  . 

14     1     0 

TS  49     0 

SFmtuS«ntoBtr,«at.3T  49    « 

Bl  SI     • 

Boa  d.  SiruoU  .    .^  IT    0 

SI  10     0 

18  4T     0 

IT  ST     0 

Cirio*  Bty.  «ntr.  .    .98  IT    0 

Bl  IS     0 

Loboo  or  Soil'i  K»  . 

19  94     0 

IT  19     0 

PBM.Urg..or 

Diuaond  Point      .     . 

19     8     0 

77  19     0 

Cipo  Romut    .    .    .IS  GO    0 

Bl  46     0 

^9t.DaiiiuiniKiv. 
g  Koto  VokIo,  Rood. 

11  4S     0 

TS  4S     6 

Cipe  S*Ue  .    .    .    JS3     1    0 

Bl   10     0 

29     0     0 

IS  It  30 

XXV.    THE  WEST  INDIA  ISLANDS. 

9 -^^B^«'.  Roeka    . 

19     0     0 

TS  43     0 

i-KiySdorR.gpkll 

11  11  to 

Tt  46     0 

^     North  «nd    .    . 

Bumnduor 

a  IT  80 

TS  4B  40 

Sonxr'*  IlUndl. 

lYnnuorLoDBLlud. 

-8l.GMrnTown  . 
-  Si.  DoTid-i  Howl . 

IISS    0 

64  41    0 

,?- South  PoiSl     .    . 
'^r-r.a-O'E. 

19  BO     0 

T4  ai    0 

13  >l    0 

04  41     0 

-S.«itram*afltnd 

19  19     0 

04  SI     0 

-GTMtHtrb.,ontr. 

n    «    A 

T4  t8  10 

-WnckHiUorW.aiul 

19  10    0 

414  ST     0 

-Miobwl-.Bonk     . 

H    9  It 

T4  4S  10 

Far.  ■•aO'  tV. 

-North  owl    .    . 

a  to  IT 

TS  90    0 

-  Nonli  Rook     .    . 

■9  90  90 

64  40  10 

-UiUi'Braokw.    . 

■9  94     0 

64  40     0 

St.S>lTidorotCmtI. 

-Colombua[8.E.Pt 

14     B     0 

Ta  11  10 

-  Hiwh'i  N«i.  or 

-NortLend    .    .    . 

»  01     0 

TO  10     0 

8.W.  Point  .    . 

14  10     0 

TS  91    0 

„Mal«n>illoRMf, 

LittloC>tI..N.W.Pt 

14  U  IB 

TS  SI     0 

|-N.W..nd    .    .    . 

9T  14    0 

TV     0     0 

U  4B  40 

TS     8     0 

33  Outer  port  of 

3  WNtera  Roof  .    .    , 

|GT0.tHll.UO^ 

»T     B     0 

TO  19     0 

-  North  End  .    .    . 

14    9    0 

74  IT     0 

10  5t     0 

TO    8    0 

Rom  Kit,  E.  ond      . 

8118  40 

T4  46  80 

-WootEnd    .    .    . 

11  19     0 

T4  36  IB 

a;- WMtond     ,    .    . 

M41     0 

TS    1    0 

W.tliDB'«L,S.W.Ft. 
-Ra«l.tK.M»d     . 

n  as  9T 

T4  39     0 

Ji-8.E.0Dd      .    .    . 

lOIB     0 

TB  40    0 

14  10  to 

14  84  10 

5HoU  in  th.  Rook  .    . 

IS  SO     0 

TT     T     0 

P«r.  S'O-  B. 

•■*  Vt.  4' Uf  B. 

jiAttwood'iKijr.  at 
1     S.n>>ni,E.<od.    . 
-1  -  Wootoni  Roof  . 

Aboco  I..  N.  E.  Pt.    . 

»19    0 

TOH    0 

U    t  10 

TS  4S     0 

Elbow  R«er     .    .    . 

MM    0 

TO  al    0 

u   1  so 

Tl  SSSO 

-:-So«tb.mRMf. 

U    1  4S 

Tl  Bl     0 

EleDtbon,  8.E.  FoinI 

94  18    0 

TO    4    0 

8,Pi™orFl.tKvjnid 
|Crook«l  loluHl., 
f-Rookiniliboro 

U  14  10 

Tl  40     0 

U  19    0 

10  11    0 

—  Jimeo'  CUMn      . 

IS  80     0 

TO  10     0 

IS  10     0 

TO  14     D 

»  41  4S 

71  SO     0 

—  ERKlahnd.  RW. 
=3  _  NuMu.  Light .    . 

U  U  4* 

TO  as  10 

e  -  N.  E.  H«f.  ond 

U  47     0 

Tl  as  4S 

IS    s  *0 

TT    9  4S 

-N.E.  Point.     . 

13  44  BO 

71  S4  10 

-  Bird  Rock  .    . 

n  SI   0 

74  84  IB 

IS     I     0 

n  16  IS 

-  l'omn«I..S.  Pt. 

U  11    0 

74  8B    0 

1  Vmr.  t*  IV  E. 

-  ChiIo  lilud   . 

11  7  10 

14  IB  4S 

Iboitt  IsUod*. 
J-  iTpporaub  Point 

IS  11     0 

7T  47     0 

Hiriporroi, 
-N^Rook      . 

11     T  60 

14  II  40 

5-GSuStirrupK.y. 

1    N.E.«d   :  .'. 

-  South  Kit  .    . 

-  Shool.  S.  E.  oA 

19     6     0 

14  11  IS 

IS  40  10 

TT  ai    0 

11  SB  10 

74  3«  SO 

38  SB     0 

TB  SI    0 

Dimi'iRoef   .    . 

■a  IB  SO 

14  IS     0 

GrMt  Itmme,  mid. .     . 

10     1     0 

TO    1    0 

NonkoT^  Sho.1  .    . 

nso  0 

74  49     0 

MoMlle  Sboil  .    . 

as  50    0 

TO  1*     0 

-iW.  Point.    . 

Bernini  loluidl. 

nil   0 

11  11     0 

IS  to    « 

19  IT     0 

-EowRoof    .    .    . 

3110     0 

78  IB     0 
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LATITUDES  and  LONGl'l-UDES. 

(Ill)    PUoM.               ULN. 

L0O.W. 

(lit)    FlKM. 

Ut.  N. 

Loo.  W. 

OrMtlDMW. 

-N.w71>oint     .    .It    8    0 

•            '         M 

11  68  40 

83     6  40 

TS  18     0 

Cipe  Antonio  .     .     . 

84  57  10 

-8.W.  Point.    .    .HS4    0 

Tl  18  SO 

Ckpa  Corriantao    .     . 

11  48     0 

84  >»  89 

-  3.  E.  Point  ...  10  W    0 

IS     6     0 

PtaVt  Piodiw  .     .     . 

11  66  SO 

81  SO     • 

-N.E.  Point.    .    .11  IS    0 

7S     1     0 

Cijo  de  St  Felipe, 

Slatira  Shod    .    .    .  M  SS    II 

7S     1     0 

^-W.,t«.d    .    .     . 

11  SO    0 

88  U    0 

utti.  b»eu.. 

3lndiMiK>7>,N.end.ll  S4  80^ 
i!  Lie  of  Pinei, 

*-  Point  ladoi      .    .'ll  49    0 
1  -  Point  St.  Fnneii  .11  43    0 
1  P«.  0»  B.                   1 

BS  IB     9 

-  Eut  Point  .    .    .  II  M  10 

TSSS  to 

.-  W*rt  Point.    .    ,11  10    0 

Tt    S    6 

81     4     9 

{CiycM  RMf, 

SI    g   9 

B  -  N.  end  of  Roof     .  II  (9    0 

71  tr  0 

2-W.C.Tm»,8.W.Pt.Sl  IT    0 

19  «    0 

^  -  Point  Crooodillo  .Hi  11  87 
■-E..t  Point  .     .     .'11  10    0 

88    0    0 

2>-S.E.ondorRMf  .11    t    0 

71  S)    0 

88  34     B 

f-N.E.oiidofRMf.ll  41    0 

11  »    0 

Xagom  B»r,  entnuee  ]1»    0    0 

80  S5  IT 

aTaA'i  tiluidi, 

PortCuild.,entrMieell  tS  9S 

80     8     0 

V-EDdrmioB'iRoek.ll    «    0 
;ii-S><)dK»,<nid.    .1!  11     0 

71  IE    0 

Ciyo  BUneo    .    .     .11  8t  4S 

79  S8  SO 

71     D     0 

Zfr^deFuerm      .     .ill  30  10 

79  41   56 

"  -  Mt  K.T,  mid. .     .  tl  SO    0 
-Gnu.d&>T.N.«idlI  It    0 

Tl    a  0 

CijoBntoD.  S.PaJntSl     1  10 

79  n  41 

71     4     0 

RooB  Gnnde,  enlr.    .10  ST  10 

79  81     0 

-8.Vr.mi    .     .    . 

■0  tS     0 

70  SS  40 

Monat  Point   .    .     .'iT  SS    0 

7«     S     0 

-  N.  E.  and    .    . 

>l  U     0 

TO  It     0 

Nortb  Ehi  Point .    JlB  13    0 

70  IS  SO 

Silfor  K». 

Port  Antonio,  entr.    .18  IB     0 

T«»    9 

-N.W..od    .    .    . 

H  10     0 

WfiO     0 

Gilini  Point     .     .     .jiB  39  10 

76  84     oH 

-N.E.«id    .    .    . 

M  SI     0 

B9  to     0 

St.  Anne'e  B>j,  gntr.  IB  81      0 

77  16     0 

-S.E.M>d     .    . 

SO  11  10 

80  18     0 

Mutlie  Bru.  entr.     Aa  13     0 

TT  44     0 

Monteco  Bit,  Point  .18  11  10 
jNorth  Negn'l    .     .     .18  U     0 
iSonth  Negiil    .    .     .118  IS  46 
gJolin'e  Point     .     .     J19  11  10 

78     9  10 

CaptdoCnH   .    . 

10  4T  Id 

TT  40  to 

78  to     0 

TuquinoPrak.    . 
St.j'»o<l*Cnb>,entr 

19  H  BT 

TO  4a  to 

78  81     0 

19  ST  tS 

T6     1  4S 

78  21    e 

■jS.™iii«UM«r    .    .18  11    0 

78  11     0 

CDBilMrludHT..Mtr 

19  S4    6 

78   14  to 

BUck  Hirer,  entr.      .'18     1  10 

77  68     0 

EKODdido,  E.  Point 

l«  a4  SS 

71     1  16 

Pedm  Bluff.     .     .     .17  SO  SO 

77  49     9 

C.p.>C«..orM.,.i 

10     1     0:  71  GO     0 

Portluid  Point.    .    JiT  41  M 

7T     7  16 

M  11  so'  74     1     0 

Kingtlon  Chorcb  .     JlT  ST  67 

76  40  10 

ALU.  .ntnneo      . 

SO  IT  lo:  74  11  to 

Pour  Rorii.,  Point    .jll  BS     T 

76  49     0 

BituN.  •ntm>c« .    . 

SO  80  SO    T4  11     0 

F«r.  S'  60-  B. 

NoTu,  .ntrtBco   . 

90  to  44    T4  IT  G! 

ydlah  Point    .    .    .17  61    0 

76  18     8 

TMO.W.  Point    . 

10  11   IT    74  SI  SO 

Jw»fo«,  ontnnoo . 

10  SI  44,  74  S6  SO 

79  46     0 

#On.rico  Point  .     .     .'SO  19     0    T4  41     0 

LittteC>7mui,S.WJ>t)0  10    0 

80     ■     0 

gCmjoMo.    .     .     .     .30  4a  IB'  74  49     0 

Grand  CtTmui,            1 
-S.W.  K.jorPoint'l9  Id     0 
-  Eut  End      .     .     JlO  18  SO 

^Tuumo,  «ntt«noe .     .S0  4S41,  TSl*     0 
JCbonico,  .ntruMO     .20  4t  11    TS  8*  40 

Bl  89     0 

81     S     0 

|Nip«.antnii».     .     .  SO  44  40   TB  tO     0 
SPwtBuiM.  S.E.Pt.  SO  M  SO!  TS  SO    0 

F«-.  B-  0'  B. 

8wuiI.luidi,S.E.Pt.lT39  to 

81  SI     0 

■~  Point  Mulio      .     .     .^1     T  JO'  TS  IS     0 

B(i>  Nueri, 

£N>Tuijo,«itniux.    .31     f  Uj  It  CS  10 

-  Seudr  Kit  .     .     .IS  SS  80 

SerrenilU  E  end.    .18  46  10 

78  17  SB 

T9  SO  16 

Pedro  B«>k. 

MuMo.  cntnaoo  .    .'SI  S)  44i  TO  44    0 

-  Portlend  Roek  .    . 

17    T  to 

TT  86    0 

Niu'HCnnd«i,Mitr.l31  K  SO;  TO  SI     0 

-  North  EwrtK.7   . 

IT     4  10 

77  46     0 

MitoraillM  Point .     .11  19    0  T6  69  10 

-  South  K.J  .    .    . 

16  S7     0 

77  Bl     0 

C.joRoniino.S.E.Pt  SI  Si    0   TT  18    0 

-Rock.    .     .    .    . 

10  48     0 

7B  11     0 

CiyoVordo      .     .    JSS    s    «!  TT  BS  11 

Monnt  K>Ti, 

C.JO  ConfitM.  y.  Pt 

W  11  44    TT  IT     0 

-  North  £ut  Kit   . 

17  »  SO 

75  S4     • 

Cnu  del  Pidre     . 

»  H     0|  BO  B9     0 

-  South  WmI  K>* 

17  3)  49 

76  66    0 

a     S  S4    Bl  S4     0 

Formigu  Bulk. 

-  Pu  or  Hill .    . 

-North  Eut  edge   .'|8  14  SO 

78  18    0 

Hjitahk*.  Light    . 

IS     0  961  SS  10     0 

—  South  Eut  edn    .18  98  SO 
^South  W*(tEa«.|lB  SB     0 

76  4D    0 

Port  Mmel,  entnnce 

iS     S  S8    S3  SO  SI 

76  48    0 

n     4     Ol  Bl  El  30 

N.Tua.  middle      .     .|l8  31  16 
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(Ill)      PUCM. 

UI.N. 

Lon.W. 

(114)    PtlMl. 

L.I.  N. 

Lon.  W. 



.     -      - 

3t.Croi»orSt..ClM. 

.     -     < 

'      '    ' 

Sc  Nicholu  Mole  Ft 

I0  4V» 

Tl  9T  ID 

IT  44    e 

fll  41  10 

For  li  PimaDt .    .    . 

ID  (5     0 

1»  ST    S 

St.  Uuk'i  Point  .    . 

IS     S  18 

71  CO    0 

Sombraro     .    .    .    . 

tBS8    0 

61  SO  10 

AnodiM,  South  Md  . 

18  4a     0 

Tl  IS  10 

AnroiUa,  S.  W.  Punt 
-  North  Eut Point. 

18  11    0 

61  IS     0 

PO»T  AV  P1..NCI, 

IBIS     0 

63     3  to 

-TlMiRowJ    .    .     . 

IS  13  4S 

Tl  9S  4S 

St,  Mirtin.  N.W.Pt. 

18     4     0 

OS  14     0 

GoMToI.,  N.E.Pt.. 

18  48  )3 

Tl  40  4T 

IT  51  IS 

61  sa  10 

-Wm(  Point.     .     . 

IS  ST     0 

Tl  19     D 

Stbi.  middla    .    .     . 

IT  10  30 

61  10    0 

P«lite  Go.»«, 

St  Ea>t>tiu>.  Boul  . 

IT  »  BO 

61    4  SD 

Hammock     .    .    . 

IB  M  SI 

Tl  SO  to 

St.  Chrialophar, 
-B—alWe     .    . 

IT  IS  10 

68  4S  IS 

-Pi™p,»,_    .    .     . 

IB  IT  10 

71  la     0 

Naria,  Town    .    ,    . 

IT  10  to 

6S  41     0 

IB  10  6T 

Tl     0     D 

Barbuda,  N.  Point    . 

IT  41     D 

61  ta  0 

Cm  DoDBB  MvtB    . 

IB  IT  K 

T4  2S     0 

Antigua, 

P(nnt<lMlroU.    .    . 

18  Si  91 

1i  BO  BO 

-  St.  John-a  Ro«)    . 

IT    S  40 

01  sr   0 

Cl»  TlBDBON  .       .       . 

IB  10  SS 

T*  »T  S2 

-  EngUab  Harbour  . 

IT    I    0 

01  so    0 

•  PoiatiGnToU    .    . 

18     1     1 

Tl  SS     0 

R^lond, 

16  se  to 

63  80     0 

IliUbVuha.  £.  PL. 

18     4     0 

Tl  II  SO 

16  48    0 

6S  16  40 

|LMC»ei.To>n.    . 
|St.  Logu,  Old  Fort    . 

IB  II   10 

Tl  44     0 

-BaaMTarro      .    . 

IS  14  s; 

71  11  10 

IS  SO  10 

St  4T  10 

SAquin  B.y. 

-  Old  Fort.    .    .    . 

ISS6     0 

Bl  4S  SO 

a  -  Diuoond  Rock      . 

18  IS  48 

Tl  ao  0 

—  ChitMu  Point .    . 

16  11  10 

61  IS    0 

^C,p.J,qu,n>ri      .     . 

IB  II  30 

73  31  to 

-NorthPoint     .    . 

16  10     0 

SI  IT     0 

"AltoTcURock    .     . 

IT  S8  11 

Tl  40  10 

-  Engliah  HMd  .    . 
Doaeada,  N.  E.  Point 

10  31     0 

61  47  10 

>.P«iDt  Siliuu    .    .    . 

18  la  40 

TO  4S  10 

16  10     0 

61     SIO 

S[>.Cit.liDaI.,W.Pt. 

18  38  40 

OS  SO  IT 

18  10     0 

60     I     0 

jj-Ba«eT.rro     .    . 
iSaintea,  S.W.«nd      . 
I  Dominica, 

IS  sa  IS 

01  as  0 

SucB  1..  S.  £.  Foiiit  . 

18  11     0 

88  11  10 

lasi  30 

61  41     0 

Point  E«p«dt   .    .     . 

IS  IS  4B 

68  10     0 

Cip.  Engumo .     .     . 

IS  14  10 

-  -  Pr.  Rnport'a  Bar  . 

IS  IS  so 

6111     0 

C>p.si^.    .    .    . 

IS  IS  40 

OS     e  IS 

S-Ro«,«u.    .    .    . 
?  -  Scof.  Hoad      .    . 

IS  18  at 

61  18     0 

C>»C.l»o<>    .    .    . 
OirCip*  FruKoU     . 
Point  llubelU  .    .     . 

IS  »     0 

60  13  SD 

IS  IS     0 

61  SO     0 

10  40  SO 

00  56  SO 

EMirtinique, 

G  -  Forvkoyal .     .    . 

10  SB  43 

Tl  13     C 

14  tS  SS 

61     7  to 

■nwGr«ng«      .    .    . 

10  S4  IS 

Tl  41  10 

-  Port  St.  Pierre      . 

14  44     0 

61   IS     0 

Cm  H*TTi«T.,  City . 
Tortog«Iil»nd.W.Pt. 

10  4B  20 

T3  14     0 

-  Maeonb.  Point     . 

U  14     0 

SI  18  SO 

M     6  10 

T3  St  B6 

-  Saline  Point      .     . 

14  at    0 

00  IS    0 

-  Eut  Point  .    .    , 

to     S  S3 

Tl  14  10 

Far.  2"  47'  E. 

PonPux    .... 

10  SO     0 

Tl  41     0 

-  Diamond  Rock     . 

14  as  0 

61    7    6 

Port  k  L'Ecn   .    .    . 

IS  SB     8 

TB     6     0 

ScLncaa, 

-fr'??^""-: 

1117    0 

SI     T     0 

MoiuIaUiid,tiiddU. 

18     6     0 

07  4S     0 

IS  43     0 

01  IS     0 

MoDi«>   ..... 

■a   0   0 

87  ST     0 

-  Moulacique  Point 

11  II     0    61     S     0 

IB  SI  48 

OT  ST  10 

St.  Vincent, 

-Kington.    .    .    . 

11    0    0  61  IS    0 

C.StJuin.orN.E.Pt 

18  11  10 

OS  19     0 

Barbadoea. 

.St.  Ju»n.  C«d«  .    . 

18  90  10 

SS    0  sa 

-NorthPoint      .     . 

IS  10    0  SS  41    0 

8Pt.BniqiadorN.W.Pt 

IB  II   18 

67     7     0 

-Bridgetown.     .     . 

tl    0  10  BS  41  U 

iCAga.diU.Towi.     .     . 

IB  Ij  10 

67    T  i; 

-  South  Point      .     . 

II    1    0  SS  SS    0  1 

IB  14     0 

67     7  10 

1  Cipa  Roio  .     .     . 

IT  SB  SO 

07  11     0 

—  Beoouja,  V.  Point 

II    S    0  61  II    0  1 

^  Puerto  Gnuiio*     . 

IT  ST  44 

SS  BS  4S 

—  Cariaco,  N.  Point 

It  »    0  SI  to    0  1 

IT  SO  10 

S6  IS     0 

Gnmada, 

-  North  EaM  Point . 

■3  14    o'  SI  41    0  1 

iSt.  ThoMo'  Huboor, 
i  -  Fort  Cbriitiui .    . 
5  r«r.  a*  10'  E. 

—  Fort  8l.  Georga    . 

18     1  S4'  01  4S  40  1 

isai  s 

64  ST  SO 

-  Point  Salinea    .    . 

II  SB     0,  61  SS     Ol 

Tobago,  N.  E.  Point 
-MinofWarBaj 
-  Sooth  Weat  Point 

II  ai    0  SO  ST    0  1 

^  St.  John'.  8.  E.  Point 

18  IS     0 

01  44  10 

II  31     0|  SO  IS     oil 

^Virgin  Gord.,  E.  PI. 

18  II     7 

04  31  10 

II     0     0 

60  SS    0|| 
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AND  LONGITUDES. 

(IW)       PIUM. 

L.t.N. 

L«lW. 

CII8)    PlacM.             1  L.t.  N 

LoD.  W. 

TriBid^, 

•      ' 

-  8h^  S.  toi  .    .34  M    0 

TO  U    0 

10  41 

PI  41 

0  1    Oonoock  iBlit.  Light'lS    B    0 

7B  SS     0 

-PortSpJn       . 

I0I8  4S 

01  M 

IB 

Cape  Hittoru.  Light'lS  IS     0 

T«  30     0 

-  ICMIIM  Foist     . 

10     4 

0 

SI  SS 

10 

-  Bho.li, S.  end  .     .IB    T     0 
NtworRoinokBliilot.'lB  IT    0 

T3  31     0 

-  PDinl  OilMte  . 

la   0  10 

Bl     OM 

7B  34     0 

-Point  0.1m    . 

10  M  W 

H  10  IS 

Cuiitaek  lnl.t     . 
C.„  H.«r.  Light 

10  10     0 

M  ST     0 

IB  4C     0 
Tt  S8     0 

KxvL  Tb.  EAST  COAST  OF  America!!.  ^^„^'"''~  •  ■  ■ 

IT   g  su 

10  U     0 

74  B4     0 

7«  ir    o' 

ban  CAPE  SABLE  to  DATIS'S  STRAIT. 

SNewPoiDtCoDioitLt 

IT  11     0 

TO  11     0 

|SBith-*  Point,  Light 

IT  11     0 

TO  IS     • 

C.p.8.bl..    . 

IS     1 

« 

■1  10 

kCedu  Point     .    .    . 

18  17     0 
I8«0     0 

TO  33     0 
TO  3S     0 

TonuniB«ik((fiu) 
FToridl'Rjf/w.  En. 

U  II 

0 

U  14 

SO  18     0 

TO  »     0 

18  11  41 

70  ts  SO 

u  u 

u  to 

0 
0 

SI     I 
■1  10 

.C.p<H.nlop«a,  Light 
tCipaUir.Ughl. 

18  46  40 

18  BT     0 

7E     T     0 
74  SB  44 

Bo«  Gnnd.  entniUM 

u  sr 

0 

81  11 

BDOTBT 

19     S     0 

IE  10     ft 

8"dK.y.  Light.    . 

■t  u 

0 

81  48 

iWilmngloi      .    .    . 

SO  41     0 

74  30     ft 

C%n  tiamtco  or 
lloapwD  IltUMl, 

»  M  S4 

TB   10  10 

OnMitEgf  Hr.,«>tr.. 

■0  IB  SO 

74  St     0 

4-  W«t  End.  IJ|bl . 
|Loo.K,^To-.r'. 

■111 

14  U 

■0 

11  Bt 
81  10 

|si!!^'ook,U^'! 
bNE*  YORK.  Fort  . 
5  -  City  H.U 

Sft  SO     0 
10  4T  10 

T4  30     0 

74     7    0 

'  Bihia  Hond*.  •utr.    . 

iSombrtroKBr .    .    . 

11  la 

0 

Bl  16 

40  ST  40 

74     f    ft 

11  IB 

0 

81  14 

40  43  ID 

T4     S  SO 

14  SI 

80  IS 

JO  43  30 

71     S  11 

(.CuT>ron)  iu«r. 

15     1 

0 

BO  M 

Free-.  Point.  Light  . 
SuiS  Point.  Light      . 
Erton-i  NeekTlight . 
Norw.II.I.Iud,Lt.. 

40  48     0 
40  Bl     0 

71  49     0 
71  44     0 

wCilolDlM      .     .     . 

U  40 

0 

BO     0 

40  ST     0 

71  IT  SO 

■S  41 

0 

80    4 

11      1     0 

73  38     0 

U  Bl 

BO    6 

^BlKkRoek.  Liritt    . 
iStntfofdPoinlXight 

41    8    ft 

TS  10     0 

Gran*itU  Inlat.  cntc. 

M  40 

0 

BO    « 

41    8    0 

73     9     0 

HilUbonmgh  Inlet     . 

IT  14 

0 

BO    8 

QOIdFiald  Point.  LL 

W  18    0 

TS  10     0 

iN.W..nd(.rU.tM- 

1      DilloRMT      .      .      . 

Sc>p.CuuT<nl     .    . 

|N«wH.TM..Ught.    . 

|F.«IU»dI.Una.Lt. 
■SSETbrooli,  Light    .    . 

11  14  10 

T9  BT     0 

n  14 

0 

79    0 

41  II     0 

71  41     0 

M  IT 

0 

80  U 

41   IT     0 

71  tS     0 

-M(»qiiito  Inl>t     . 

|M;;ti;;a.i.u.t.  . 

''StAopatin.Ught   . 

M  U 

0 

BOS) 

'fN.w  London?  Light  . 

JUoll.  Light.     .     .     . 

Witch  Hill,  Light     , 

41  10     ft 

71  10     ft 

10  SO 

0 

Bl  IT 

41  II     ft 

Tl  11     0 

ID  GO 

0 

Bl  11 

SO 

41   10     0 

71  S4     0 

St.  John',  BiTw.  bu 

10  M 

0 

81  SO 

UoDUck  Point.  light 

41     1     0 

TI  IT     0 

Nuna  RiTtr,  tutr. 

10  n 

0 

HI  to 

Block  I..  8.  £.  PoSt . 

41     8     0 

TI  19     0 

St.  Simon'i  L.  LiEbt 

10  u 

• 

81  11 

10 

Point  Jadith.  Light  . 
Bonror  Ttil.  Liglt     . 

11  93     0 

71  1ft  10 

11    s 

0 

11  U 

11  36     0 

71  IT     0 

i"X^::C' 

11  M 

0 

61  IT 

Rhod.  Iilud. 

11  14 

0 

81    g 

-Nnrport,  Ugbt     . 

41  30     0 

71  S3     0 

ISt.CuhuiM'1  Sound 

Proridanm.  Town      . 

11  BO  41 

71  IB  SO 

{     •ntnnca  .    .    . 

31  41 

0 

81    1 

Bniunl  Boj,  Light  . 
^N.wB«lforf,Ught. 

41  34     0 

TO  19     0 

^Sirauu.  Town 

n   ■ 

10 

81     1 

11  8S     0 

TO  B6     0 

;-w^.Tyb- Light 

11    0 

0 

80  48 

iHutht'tVinerv!!. 

iBMubit.    .    .    . 
jCbirlMton,  Town. 

13  » 

0 

80  17 

1  -  G>7  HMd.  Light 
,- North  Point.  Ught 

11  M  10 

TO  St     0 

11  41  14 

TO  BT  10 

n  38  10 

TO  37     0 

c.p.1i^  ;  ; 

»  40  40 

U     ft     0 

TO  St  10 

TO  IT     0 

J-C™PoB..LiAt 
3  Point  Gnunon.  light 

1134  10 
41  IT     0 

TO  sr  ft 

TO  IS    ft 

jCipoTMT,  S.E.Pt. 

»  M 

0 

70  11  10 

Nulnckot  IiUnd, 

11  IT 

( 

70     T 

40 

—  UnntTown,  Light 

11   IT     • 

Tft   r   1 

II  40 
»  SI 

11 

TT  B8     0 

IS     1  40 

-  Sindr  Point.  Lt. 
-To»W.r-.H.«l 

41  3S     I 

11  14     0 

TO    S    0 
71     1    0 

iFmngP^Shool., 

11     4     ft 

•B  M    ft 

3 -Outer  Shod      . 

11  IS 

0 

TT  to 

0 

Coorga'a  Shod*. 

J  Wilmington      .    . 

14  14 

0 

TT  IS 

fl 

-S^p«t    .    . 
-  WettSrt  .    . 

11  M    ft 

ST  44     0 

^B..u(brt,  Town     .     j;H  4S 

O;  Tfl  48 

0 

11  41     0 

87  19    ft 

KCaps  LnduHit.  Light  114  19 

0|  76  ST 

J 

-N,E.  put    .    . 

41  48     0 

«T  41     0 

sl 
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(IIT)       PllCM. 

UtN. 

Lon.W. 

(118)   PlaCM. 

Lat.  N. 

Lon.W. 

OM.fl  Shod., 

•    '      • 

WolfIalu>da,N.E.eod 

44  SO    0 

00  4S     0 

-  North  Shod,  mid. 

II  ss  u 

eru  0 

Bearer  HarbOBi.antr 

U    1  It 

60  4198 

-Shod 

11  CI    0 

«T»     0 

Point  Lepreau.    . 

IS    3    0 

66  IT     0 

11  n  o 

07  IS    0 

St.  John'a  Town    .    . 

IS  IS     0 

66     9  10 

ChtthtB,  Swdy  Pt. 
-  South  End,  tight , 

Cpetfaqxek.'.    . 

10  13  30 

60     3     0 

11  u   0 

TO     0     0 

4S  IS  30 

66  50  16 

Chatham  Hi.  Lighta  . 

11  41    V 

00  ST     0 

(^i£^^i^dd]e 

IS  IS     0 

6S  SS     0 

Ch»  Cod,  Light  .    . 

Ml* 

TO    4    0 

4S  IS  30 

65  11     0 

Bi.Poiot.l5^ht     . 

19     4     0 

70  IS     0 

C^^aEnrageh  .    . 

11  SO    0 

04  IS     0 

11  44    0 

TO  18    0 

Fort  CDmberlaod  .    . 

16  4t     0 

04     0     0 

Plpiouth.Liiu.    . 

It    1    0 

10  ST    0 

C.peCldgn.«o    .    . 

IS  18     0 

04  40  SO 

8<n'to.t,.  ligCt     .    . 

tl  IS     0 

70  43     0 

Haatefiland     '.     '. 

IS  IT  30 

64  S3     0 

Botn»., 

I 

IS  14     0 

64  64     0 

-LoDglalud.  Light 

11  so    0 

TO  SB     0 

Annapolia. 

-Town      .    ... 

II  n  It 

Tl     4     0 

-  Pt.  Prim  or  Dighr 

S>l«n 

IS  SI     0 

TO  SI     0 

Light  .    .    .  "/ 

44  40  SS    «S  46  16 

fiaoT-iIdud.UghU 

4S  tS  10 

TO  48     0 

BTyer'a  Iiland,  Ught 

14  IS  El'  06  11  64 

-R.teh«r'.LLi^ti 

Cape  St.  Mary.     . 

14     4  is'  66  11     0 

41  sg   0 

TO  S3     0 

Cape  Fonrchu  .    .    . 

IS  48     0    66     0     • 

iHwich  Hr.  Mtiuce 
HowbuT  Port, 
-Plnm^LUgha    . 

M4t    0 

70  4S     0 

G^etRock    .    .     . 

13  37  80   66     0     0 

Seal  IataDd,S.  Point. 

43  11  51'  6S  06  43 

a  a  4s 

7ft  46  SO 

-NorthPoint     .    . 

IS  10  13    6S  67  88 

UooTShoi]*. 

Bland  Rock      .     .     . 

48  SO  lo'  6S  E6  IS 

-  White  lalmd,  Lt. 

41  ss     0 

TO  ST     0, 

Cape  Sabl.,  S.  Point . 

43  33  ST    66  84     1 

Boon  iiUod.  Light    . 

43    SU 

TO  41     Ol 

rer.  IS-  14'  W. 

IS    8    0 

TO  to     0 

BniilRock.     .     .     . 

48  SI  so'  65  SS     0 

CipaNoddock.    .    . 

41  10    0 

TOSS     0 

Capo  Negro      .     .     . 

18  10     0'  6S  18     ft 

Capa  Porpoiaa .    .    . 

IS  SI    0 

To  SI    0 

Shalburoa     .... 

18  44  so!  65  IT     0 

Wood  UlUl,  Light  . 

41  ST    0 

TO    10       0; 

Little  Hope  laluid    . 

48  ST  Sll  65  14  10 

iCuct.  Bay. 
3-CapeEliiab«th     . 

18  41   U'ei  50  44 

IS  sg    0 

TO  11     0! 

18  41  6T|  OS  18  11 

5- Portland,  Ught     . 

la  ss  so 

TO  II  SO 

IS  48  34!  64  46  48 

-  HaHWay  Rock  .     . 

41  ST     0'  TO     1     0' 

SMooIooIaluid,  S.Pt. 

18  65     0'  64  44     0 

CaahaaLa^gt.middla 

4S     S     0    09     S     0 

Psr™"?.;... 

1 

Sagninlalaod,  Light. 
Pood  liluid,  Ligfit    . 

0  40  SO    6S  43  so' 

U  60  IS   64  30  16 

4S  4S  30    «g  4S  30' 

gUraipool,  Coffin  LLt 
1  Far.  14*  41'  W. 

14    1  S3  64  36  40 

John'a  Bay, 

SanSS^"'  Light''. 
Midm,^  Ilo<i.  *.    . 

a  4s  0 

80  90     0 

44    «  14   64  81    0 

IS  S4     0 

00  IS     0 

Indian  laland    .     .     . 

14    0  40  «4  33  St 

IS  IB     0 

«  11     0 

Cape  Le  Hen  .    . 

U  11     8'  64  III  48 

IS  SI     0 

88  IB     0 

UHoToRoek.     . 

U  10  SO  64  IS  ss 

White  Haad,  Light    . 

43  sg    0 

B8  S8     0 

^T^.£fs.P. 

OwVi  Haad,  Light    . 

14   e   0 

OtlSS     0 

14  10  38   64     8  46 

Ca.Un..Towii.    .    . 

14  34    e 

88  38     0 

-  Point  Roae  .    .    . 

U  18     7   61  11  33 

Haalo  Iiland,  9.  Pt. . 

14     1     0 

08  30     0 

Green  laland    .    . 

14  23  30   64     1     0 

Ktount  Daaart  Roek  . 

13  ss    0 

es  3  SO 

HAurAK,  NaTal  Yard 

14  S6  38   03  4S  SO 

Patit  HaaaD  I..  Ughl 
MooM  Peck  Hd..  Lt. 

14  SI    0 

87  48    0 

11  S6  ITI  63  81   16 

U  33    0 

«T  ST    0 

14  30  to'  6S  88  48 

Libea  lalandi,  Light 

•4  38    0 

87  18    0 

Far.  IT"  10- If. 

MwsyaaTown.    .    . 

14  SI    0 

OT  S3    0 

JedomHoul     .    . 

44  40    6   63     110 

PaaaamaqoadyHd-Lt 

11  48  40 

00  60    0 

Owl'aHead.    .    . 

14  43     0    03  48     U 

Head  Harbom.  Light 

U  SB  GO 

60  SI  B8 

Tangier  Iiland.    . 

14  44  38    OS  87     1 

Grand  Maoanlaland, 

Spry  Harbouri 

-tayWaHead. 

OuterBeaTar!.,S.E.Pt 

-  North  Point      .     . 

14  46  49 

0049     T 

14  44     0    03  90     0 

-  Sonth  Wait  Head 

-  Grand  Harb.,  entr 
White  Haad  L,  S.  Pt. 
Old  Proprietor  Rock . 

aGanoetllMh    .     .     . 

fMaohiaaSeallalanda. 

-N.E-part    .    .    . 

M  18     0 

08  SI     0 

14  48  B4    63  IT  48 

14  10     0 

06  41     0 

White  laland,  E.  wid 

U  50  10    63     3     0 

U  30  SO 

00  41     4 

Liaeomba  Harbour, 

1 

14  31  SO 

00  30     0 

-  South  Weat  Point 

14  SS     0'  et  51     0 

14  81     0 

06  40     0 

Green  laland,  9.  Pt. 

15     4  55!  61  34  4!) 

Berry  Head.    .    . 

15  10  44'  01   IT     0 

14  31    0 

M  tS  SO 

White  Head  laland 

IS  10  17;  61     5  40 

S.A..™.T™ 

IS     S  30 

67     1     0 

Cape  Cmiw       .     .     .115  16     0'  00  SO     0 
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(119)      PlUM. 

LU.N. 

Um.W. 

fl»)     PUo«. 

Ut.  N 

1,00.  W. 

Cmib.rTr  Itlud,  Lt 

It  I»  U 

SO  Si  SB 

ChdmiTB.7. 

.      .    . 

S.Ul  Idud,  W.  UHl 

l>  M  10 

OD     «  11 

Nipi^b.tB^'  ' 

IS  SS    0 

64  S3     0 

-Eutand.    .    . 

II  S9  IS 

19  44  11 

II  Bs   e 

S9S4    0 

-Ciron  Point     . 

»  »T    0 

OS  SI     0 

BouTtoture  Iilaud, 

Gnto^CuM. 

-N.W.  Poiat.    .    . 

IB  t9  SO 

04  14  ST 

-Eddr  Point.    .    . 

4S  M  » 

01  11  It 

FUt  Point    .    .    .    . 

48  M    0 

04  11     0 

-ShipHu*onr.    . 

UHU 

01  11  41 

Cp.  Gupt,  8.  E.  Pt. 

18  4S  14 

04     9  3« 

I*1b  MkduB*. 

V*r  81-  IS'  W. 

GntD  lilni.    '.    . 

»  IT     0 
«  W  41 

01     1    0 
09  SS  4b 

-"^ugii'Town.    . 

18  46  SI 

04  SI   18 

Ctp*  Ponluid  .    .    . 

IS  V  SI 

60     1  lb 

Cp.  Honor     .    .    . 

18  SO  41 

01  11  S4 

4S  U  » 

00  IB  10 

Magdalen  RiTU.entT 

IB  13    0 

G3     6     0 

Cp.  Cb«t  .     .    .    . 

19    4    0 

66  15     0 

!So*Mri  ItUnd,  E.  Pi. 

*i  SS  11 

S9  IS  48 

BielaUnd     .     .     .     . 

IBIS     0 

G8  49     0 

IS  IS  u 

■9  40  1& 

Gn»n  Idud.  Light 

48     t     0 

6B  80     0 

to     1   19 

69  19  Vj 

IB     8  10 

61  40  ST 

■  CpaOrubj    .    .    . 
gFlinlWind      .    .     . 

IS     9  IH 

19  49    a 

Far.  84"  IB'  IK. 

-  South  Point      .     . 

49     4     0 

OS  10     « 

4a  19     0 

19  4T    V 

.  -  South  Wwt  Point 

(9  ST     0 

61  IS     0 

S-Jopiter,  R.,«.tr. 
5-  WwtPoint.    .    . 

19  SS     0 

63  18     0 

-Sibauxli.,8.  wut 

4S  ti  so 

SS  is  30 

40  GS  ag 

61  IS  SI 

Ntpouh  bUad    .     . 

to  44     0 

60  U     0 

S  F»r.  sr  S5'  W. 

3  -  North  Point     .     . 

CiH  North.    .    .    . 

4T     f  13 

00  n  SI 

10  57  38 

01  11     1 

ChotioD  H«h.,   WU. 

4SS9     0 

00  G9     0 

^MMrdd.0  lalindi, 
J  -  North  £a*t  Point . 

SMWoiruiuid    .    . 

4SfS» 

61  14     0 

4T  ST  17 

01  as  11 

J<ttt«nxCorpI.,S.Pt. 

«  S8  10 

01  11  11 

3'-Anih«™tI.,S.W.Pl 

IT  IS     0 

6t     S     S 

CtpelinM.      .     .     . 

41  S9tl 

61  IS  11 

*-  Entrrl.S.W.  Pt. 

tT  IS    I 

61  48  SS 

r^r.  n-  14'  IT. 

U  Far.  3^  IS'  W. 

Port  Hood,  ontniiM  . 

4S  18    0 

61  10     0 

-  Dotdnuu'a  Ulud 

IT  10    0 

SS  17     0 

BironI.1u>d.N.E.Pt. 

IT  48    0 

61  81     0 

.Eut  Point  .... 

4SIT  M 

61  to     8 

Bird-.I.l,nd    .    .    . 

IT  GO  S8 

01     B  SI 

io«.rg.Towi.  . 

46  10  SO 

01  SS     0 

St.  Paul-i  Iiland  .     . 

IT  IS  lb 

60     T  SI 

Ib.uC>»   .    . 

4S     0     S 

oass  87 

;Ch>riotirTo«a 

IS  IS     0 

61  10     0 

Capo  Ray     .     .     .     . 

17  IT    1 

19  IT    S 

»C^Tt,r^. 

40  11  II 

61  18  47 

CpoAnguilU.     .     . 

IT  SS    0 

S«  84  80 

iC«p«Egmoiit  . 

IS  te    0 

61     T     0 

CpoSLGoorj.    .     . 

18  SS  S4 

19  14  SO 

|w..ic^.   . 

JS  IT  46 

64  SO  Si 

BafnfUUnd^' 

f  North  C™.    . 

4T     4  SO 

64     0  IS 

-  South  HW.    .    . 

10    6  IS 

SB  SO  SS 

lRichnmilB>T,wtr. 

40  IS  10 

61  48     0 

CowHMd  .    .    .    . 

40  SS  18 

ST  fil  10 

■NowLoDdon    .    .    . 

40  »    0 

01  11     0 

<.SLPet*i-*Hirb.,«ntr. 

40  »    V 

SI  GS     0 

-PortS«md«i«.t. 

SO  18  80 

ST. 18     0 

Point  BiDha     .     .     . 

SO  41  10 

ST  M    0 

CotorCiow, 

St.  John'i  I.,  Bar      . 

SO  4T  30 

ST  10    0 

-  North  ontniiDa     . 

4S  4S    0 

01  SO     0 

.Point  F«olla    . '.     . 
|BarSt.B«rb., 
S  -  Anchor  Point  .     . 
l&MlIaUnd*     .    .    . 
ICTMDlaland    .    .    . 
SCape  Nonmn  .    . 

SI     1     t 

ST     S  4T 

C«p«  St.  Omig*   .    . 

4S  11  S2 

01  SI   IS 

4S40    0 

01  80     0 

SI  14     0 

SO  41     0 

Picton  laluMl, 

SI  IT     0 

SO  41    0 

-  Sooth  and    .    .    , 

U4T  SS 

61  >l  II 

SI  S4     0 

«0  S9    0 

K.r.  If  »'  W. 

>1  IT     0 

41  48     0 

tS  41  SS 

61  18     0 

^BumtCapa.     .     , 

11  IS     0 

It  88    0 

-Acadcm*     .    .    . 

4S  40  30 

OS  40  SB 

Capo  Onion       .     . 

SI  10  SO 

SI  11     0 

guirpon  Iiland, 

J- Amdlitud     .    . 

«  40     0 

SI     8     0 

-CuaBasld.     . 
Bell,  liluid.  S.  Point, 

SI  11     0 

SI  80     0 

:- Si.  E.  Point .  .   . 

tl  IS  SO 

GS  19  SO 

4S     r  18 

0)  47  48 

-WhitaCp.     .     . 

F«r.  if  0'  t^^^ 

SI  11  SO 

SI  SI  It 

'IUeh>tmctoH»rt>.,aDL 

40  44     0 

04  47    0 

Uir*mich<  B.T, 

SI  SO  St 

GS  SI  U 

-  Point  EunWuc  . 

IT    S    S 

64  49  10 

Chilcur  Bit. 

-  Point  mImou   .    . 

Brsba  Harbour. 

IB     1  87 

01  II  40 

-  Need]«  Rock*      . 

SI  so   s 

SS  SS  45 

-  Point  pMpibiK!      IB    0  SI 

OS  11  IT 

F.r.  14°  0'  fV. 
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(Ul)     PIWM. 

UtN. 

LOD.  W. 

Cm>    Plac... 

Lat.N. 

LOD.W. 

St.  AsthoDr'a  Harb. 

SI  11     It 

SSS8     0 

-Tt^'pfi';  .  . 

OooMCap;      .    .    . 

il  IT     0 

SS  S3     0 

16  IT  14 

SI  10    0 

HmDar, 
-Howllailwiir  .    . 

Point  Lancfl     .    .    . 

16  4T     0 

S4    0    0 

11  »     0 

SS  tl     0 

an7: : : 

16  40  36 

S4    8  4t 

-Hanliland      .    . 

SI  SO     0 

SS  se   0 

16  SB     0 

S4  11     0 

Croe  HubooT  .    .    . 

51     t     « 

SS  41      0 

^  Placentia  Hatboar     . 

IT  IS   11 

tS  tt     1 

CapeRoBj.     .    .    . 

SO  ST     0 

SS  41    a 

lUtllaSOTtbeniHarb. 

IT  48  11 

SI  tl  SB 

Scoga  Itlind,  N.  Pt. 

SO  SI     0 

SS41     0 

^  Bordeaux  Harbonr     . 

4T  4S  SB 

S3  SS  SO 

GroaUlaland,  N.Ft. 

SO  S0     0 

SS  IT     0 

gMDrliarBaT.antranca 

4T     4  10 

SS     1     0 

BallaIiluid.N.Pouit 

SO  48     0 

SS  IS     0 

'^Mortier  Hocka.  mid. . 

IT    S    0 

64  SS     0 

GiMalilud    .    .    . 

SO  44     0 

SS  II     0 

46  B4  19 

65  90  10 

CuiadaHead    .    .    . 

SO  41     0 

so   a   0 

^PomtM.r.     .     .     . 
*St.  Pater-.  I..  Lighth. 
-Little  Miquelon,S.Pt. 

46  B4     0 

BB  SO     0 

Spaar  Point.     .    .    . 

10  44     0 

so  4S     0 

46  40  63 

SQ     S  44 

Ptrtridga  Point     .     . 

SO     B  SO 

te   4   0 

16  4T     0 

se  19     0 

Flenr  da  Lia  Harbour 

SO     6  40 

so    1  10 

■a  Cape  Miqualon      .     . 

IT     8  11 

SO  19  10 

Pacgtut  Harbour  .     . 
La&^aHarboor   .     . 

49  SB  SO 

SS  4S     0 

^Conniigre  Shoal    .     . 
Paa.l.T.nd.     .     .     . 

47  SS  tT 

SB  67  10 

10  SB     0 

tS  10  ID 

4T  SO     S 

SO  tl   11 

Cap.  St.  John, 

Outer  Penguin  la,     . 
CapeLaHune.    .    . 

4T81     9 

66  B8     7 

-  North  BUI  .    .    . 

19  SO  SO 

SS  U     0 

4T  SI  St 

66  SO  SI 

OaUIiland.    .    . 

19  SO  SO 

SS  16     0 

IT  se    6 

tT  16  It 

M>i»>n-a  H»bour. 
-  &M  Uland,  E.  PI. 

Counoire  Bav  .     .    . 

17  40     0 

SS     0     0 

10  4T     0 

IS  46    S 

Far.  M"  0'  W. 

Quuiw; 

46  4T  10 

Tl  10     « 

BJDK  I-lmd. 

.CoudmI.,N.E.Point 

IT  16     0 

70  II     0 

IS»    0 

SS  34    0 

IStPanl 

4T  16     0 

TOSS     0 

BTiiton  Harboor. 
-  Fraad*  lalaod  .    . 

iUalbaj 

^.jBevofRookB   .    .    , 
Point  MiUa  Vacha     . 

4T  37    0 

TO     t     0 

19  SS    0 

SB  11     0 

4T  67    0 

60  41    0 

FortDM  HarbooT  .    . 

10  U    0 

St  10     0 

48  IS     0 

60    E    0 

f-H.AhoniRock.    . 

Maniconfan  Point 

40     Q     0 

68    t    0 

49  t0  9S 

S4  41  to 

.  Bold  Mountain'.  Pt.  . 

40  19    0 

6T  10    0 

Vv.  10"  V  W. 

•jTheSerenlaluida, 

1  -  CarouMi  liland     . 
iMinpuiIriand.     .     . 

to    t    0 

66  II     0 

40  41  3S    i4  IS  10 

dO  IS     0 

04    •    0 

Fogoliland,  H.rboui 

S-Fjqiiimaui  lalanda, 
^-^t.Genari,Tel.   . 

-  Lanea  1..  K.  Point 

40  41  is'  1)4  11  SO 

SO  10     0 

~»^;s,';xi.-  • 

10  40     0 

tt  t4     0 

Mount  Joli  .    .     .    . 

SO     6     0 

LitUo  MecBtina     .     . 

SO  60     0 

-OBarW«ib«a.    . 

10  ST  SD 

61  40     0 

Great  Meoatina  Point 

50  41  38 

Funklaluld     .    .    . 

10  44  21 

SI    T  20 

GreCDialand     .     .     . 

SI  14     0 

Cape  Fr«l., 
-South  Bill    .    .    . 

Fortaaux  Point     .    . 

St  ST     0 

10  18  40 

tSS4    0 

a,7  •  •  •  ■ 

-  Saddia  laluid   .    . 

SI  IT     0 

10     T  SO 

SI  II     0 

18  B8  10 

61  ST     0 

11  43  40 

BO  SI    0 

66  43    0 
tG   to  11 

Barrow  HaJrbour    .     . 

18  10    0 

SI  11     0 

York  Point.     .     .    . 

SI  56     0 

BUck  Haad  Bay, 

BeUelalaad.S.W.Pt. 

SI  61  IC 

-  Southarn  Haaa      . 

18  IT  IS 

SI  10    0 

.-N.E.  Point.     .     . 

BS     0  1) 

B5  11  SO 
tt  11     1 

YcniiR  Hanr  Eeaf    . 

148  48    S 

SS  68  IS 

ECapeCbarlat    .    .    . 

63  19  18 

^SaDdwieh  Bar, 
JN.in 

-  GaU  bland .     .     . 
CatalinaHaib.N.H«ad 

IB  41  40 

IB  SIM 

69  SO  30 

61  GO     G 

St  to    0 

S6  84     0 

to  10    0 
01  48    0 

es  0  0 

TnnitrH^bonr.aDti. 

IB  tl  10[  SS     8  SO 

^PortMinrara  .    .     . 

S6ta   ( 

IB  tl  SO    S3  16  SO 

Par.  41"  IS'  W, 

IB  10  10    SI  18  10 

Batton'B  laleo  .    .    . 

to  45     0 

04  66    0 
64  63  IS 
61  3D     0 
66     7     0 

BaeaUniIaland,N.Pt. 

IB     0     0 

BS  44  46 

Capa  St  Francii  .    . 

IT  48     4 

62  41  41 

11  SO     ( 

St.  John'i  Harb.  Ch. 

17  S4  M 

69  18  ST 

Isaddlabacklalaid.     . 
iTrinitj  Idanda'    '.     '. 

91  40     0 

ffisr: : : 

ClPElljCI.       .       . 

IT  to  BS 

63  II  SO 

BS  11     0 

IT  IS    0 
IT     Ids 

10  40  46 

53  41  10 
B3  4T  2T 
SS  S3  30 

Sa  IS  3D 
SI  4T     0 
»4  SS    0 

HOBS     0 
T7  IS    « 
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